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ABSTRACT 
This work is involved with the 1.7-electrocycisation reactions of 
a, 13:y,S-unsaturated diazoalkanes to give 1H-2,3-benzodiazepines. The 
objective was to investigate the factors affecting the rates ofI.7-
electrocycisation of these systems. 
The method used was that of intramolecular competition reactions, 
where the relative rates of 1.7-electrocycisation of a range of substituted 
alkenes was measured against that of a phenyl-substituted alkene as 
standard. This approach required the development of a versatile 
synthetic strategy to the 2-(E-2-alkenyl)-6-(E-2-phenylethenyl) 
benzaldehyde tosyihydrazones, as precursors to the diazoalkanes. A 
synthetic pathway to the 9-(E-2-ailcenyl)-4-phenyl- 1H-2, 3-
benzodiazepines was also necessary to allow unambiguous identification 
of the products. 
It was found that olefinic groups with electron-donating 
substituents were more reactive to 1.7-electrocycisation and that 
conjugation reduced the rate of the reaction. Attempts to prepare the 
corresponding tosyihydrazones with electron-withdrawing substituted 
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A 1,3. dipole may be defined 1,2  as a system a-b-c in which a has an 
electron sextet, i.e. an incomplete valence shell, and carries a formal 
positive charge and c is a negatively charged centre having an unshared 
electron pair. 
Although some classes of 1,3-dipole have been known for over a 
hundred years 3  it was not until Huisgen's ' classification of 1,3-dipoles 
in the 1960's that these systems became the subject of intense study. 
Dipoles in which the positive centre a, is an electron deficient 
carbon, nitrogen or oxygen atom are in general not stable enough for long 
lived existence. If however the centre atom k is capable of donating an 
electron pair the system may be stabilised as shown below. 
a 	b 	c 	4 	)'- 	 a 	b 	c 
This donation leads to the formation of a more stable " all octet" 
structure where h is the site of the formal positive charge. By varying the 
atoms a, k and c it is possible to construct a series of 1,3-dipoles as shown 
in Table 1. 
A feature shared by all 1,3-dipoles is the allyl anion type 7t system 
possessing four electrons in three parallel atomic orbitals. The 1,3- 
2 
dipoles may or may not have an additional it bond in the plane 
perpendicular to the allyl type anion molecular orbital. Thus octet 
stabilised 1,3-dipoles can be divided into two main types, those without 
the additional double bond, i.e. the allyl type, and those with, i.e. the 
propargyl-allenyl type. The occurrence of this additional it bond tends to 
make the prop argyl-allenyl type of 1,3-dipole linear whereas the allyl 
type tend to be bent. The propargyl-allenyl type all have nitrogen as 
their central atom as it is the only element which can supply an unshared 
electron pair whilst in a neutral trivalent state. Allyl type 1,3-dipoles can 
have either nitrogen, carbon or oxygen as their central atom. 
	
Table 1. 	1,3- Dipoles with octet stabilisation 
(only two of the contributing canonical forms are shown for each dipole) 
a) 	1.3-Dipoles of the propargyl-allenyl type 
—=—d( of IN 	—c4--c( Nitrile Ylides 
-C-N" Nitrile Imines 
 —C-O Nitrile Oxides 
i=N-C( NE-C( Diazoalkanes 
NE-N' Azides 
N-O Nitrous Oxide 
b) 	1.3-Dipoles of the allyl type 
	









There are an additional number of systems without octet 
stabilisation which will not be discussed here as they are of no relevance 
to this thesis. 
1,3-Dipoles are best represented by a series of resonance 
structures, e.g. the canonical forms (i)-(v) for a diazoalkane in Scheme 1. 
+ 	- .. 	- R\.. + 
C=N=N 	 C—NN 	 C—NN 
R 	 R 	 R 
+ ___ 
,C—N=N 
R 	 R 
(v) 	 (iv) 
Scheme 1 
V 
The all-octet structures (i) and (iii) are the main contributors to the 
stability of these compounds. The term 1,3-dipole only strictly applies to 
structures (ii) and (iv) but these and the nitrenic structure (v) give much 
less significant contributions. It is accepted that the term 1,3-dipole is 
applicable to the molecule as a whole as it best describes the observed 
reactivity. 
1.2) 1,3-DIPOLAR CYCLOADDITIONS 
1,3- Dipoles readily react with unsaturated systems 1,5  via a [3 + 2 
-* 51 cycloaddition to give a five-membered cyclic product as shown in 
Scheme 2. The reaction results in the formation of two new a bonds at the 
, and c termini with the formal charges being lost. These cycloadditions 
can occur either inter- or intramolecularly and will now be discussed in 
more detail under these headings. 






1.2.1) Intermolecular 1,3-Dipolar Cycloadditions 
Huisgen 2,6  established the general mechanistic features, patterns 
and selectivity of 1,3-dipolar cycloadditions. 
Common features include (i) solvent polarity does not markedly 
affect either the rate or the stereochemistry of the reaction; 
61 
(ii) stereospecific cis addition producing five-membered rings in which the 
stereochemistry of the dipolarophile is retained; (iii) the reactions exhibit 
low enthalpies of activation; (iv) reaction rates are markedly increased by 
conjugation to the dipolarophile, but reduced by steric effects in both the 
dipole and the dipolarophile. 
The mechanism of the 1,3-dipolar cycloaddition had been an area of 
intense and lively debate between the proposers of a concerted 
mechanism and those who favoured a two-step process (Scheme 3). 
9 




 -" d —e 
• .d4 stepwise diradical 
Scheme 3 
Huisgen's 2  original proposal was of a concerted [3+2] mechanism 
involving a cyclic transition state but no discrete intermediate. This view 
gained further credence with the advent of the Woodward-Hoffmann 
rules 7 . Firestone  8,9  proposed that the cycloaddition proceeded as a two-
step reaction via a discrete spin paired diradical, the stereochemistry 
being explained in terms of ring closure being more energetically 
favourable than bond rotation. Firestone also suggested that the effects 
of conjugation and solvent effects could be best explained by the diradical 
R 
mechanism. 	Both theories however failed to fully explain the 
regioselectivity of the reaction 6,7,8• 
Houk and co-workers 10,11  developed a powerful new method which 
rationalised substituent effects on rates, regioselectivity and 
periselectivity of concerted 1,3-dipolar cycloadditions. This new method 
was based upon perturbation theory and utilised relative energies and 
coefficients of molecular orbitals of the 1,3-dipole and dipolarophile which 
were calculated by CNDO/2. These calculated values for the molecular 
orbitals were then adjusted using known ionisation potentials, electron 
affinities and it..it transitions in alkenes. For diazomethane (1) the 
values of the frontier molecular orbitals were calculated to be as follows: 
+ 	- 	HOMO 	 LUMO 
H2C—N=N C N N 	C N N 
(1) 	0.78 0.13 -0.61 0.51 -0.70 0.50 
It can be clearly seen from these calculations that the two termini 
of the 1,3-dipole have different molecular orbital coefficients (as do the 
termini of unsymmetrical dipolarophiles), the HOMO being heavily 
localised on the CH2 terminus. Fukui 12  had earlier postulated that the 
reactions take place in the direction of maximum frontier molecular 
overlap i.e. between the highest occupied (HO) and the lowest unoccupied 
(LU) molecular orbitals (MO). Thus if we represent the size of the MO 
coefficients pictorially as lobes we may envisage (Figure 1) two possible 
7 
transition states (2) and (3) depending upon the orientation of the dipole 















The preferred transition state will thus always be that which 
results in the union of the two centres of highest orbital density and the 
two centres of lowest orbital density. 
Using the knowledge that the relative energies and orbital 
coefficients of HO and LU orbitals, which are the chief factors in 
determining the mode of regioselectivity and rates of reaction, are 
strongly affected by the substituents, Houk was able to almost completely 
rationalise the observed results in terms of substituent effects Nitrile 
ylides were the sole exception because CNDO/2 with no geometry 
optimisation gave the inaccurate coefficients for the dipole (this was later 
corrected by the use of more refined calculations). Huisgen 13  asserted 
that these results lent credence to the concerted mechanism theory with 
concerted but not necessarily synchronous bond formation at the termini 






fully formed than c-e in the early part of the reaction, with the reaction 
not completely synchronous but still only involving one step. 
Firestone, however, maintained that as perturbation theory bases 
its predictions on ground state interactions between reactants, its 
calculations are meaningless as the transition state's energy lies more 
than 30-70 KJ/mole above that of the round state. 
In 1971 Sustmann 14,15 successfully explained reactivity sequences 
by applying molecular orbital perturbation theory. In Figure 2 the 
frontier n-MO's of a 1,3-dipole and those of an ethylenic dipolarophile are 
depicted. The diagram reflects the flow of electrons during a concerted 
cycloaddition; From HO (1,3-dipole) to LU (dipolarophile) and back by HO 
(dipolarophile) to LU (1,3-dipole). 
1,3-Dipole 	Transition State 	Dipolarophile 
+ 
ac 	




El = E%  -Eqs = HO (1,3-Dipole)- LU (Dipolarophile) 
E0 -ET, = HO (Dipolarophile) - LU (1,3- Dipole) 
Figure 2 
If the energy distances between the two interacting sets of orbitals 
are large and of the same magnitude then the sum of the energy gains, 
AEi + AEn is small. This will correspond to a minimum of rate and a 
diradical pathway may then compete if radical stabilising substituents 
are present. 
There had been increasing activity trying to discover a two-step 
cycloaddition and Mayr and Baran 16  eventually uncovered one (Scheme 
4). The sterically hindered 1,3-diene (4) combines with diphenylnitrone 
to give 32% of the diastereomeric (3 + 2) adducts (6) and (7) and 18% of a 
(3 + 4) adduct (8). Orbital symmetry forbids the formation of (8) via a 
concerted [47t + 4E] therefore it must proceed through a diradical 
intermediate. Intermediate (5) looks attractive as it is stabilised both as 
a nitroxyl radical and an allyl radical and either 1,5 or 1,7 recombination 





(b) 	 (I) 
(3 + 2) Adducts 
Ph 
C6116 	 Ph 










There is another case where a 1,3-dipolar cycloaddition may be 
expected to proceed as a two-step reaction. If the it MO's of the HO (1,3-
dipole) and LU (dipolarophile) are similar and the LU (1,3-dipole) and HO 
(dipolarophile) are widely separated, then AEI would be much larger than 














11 d—e 110W 
4$ 	B fr 
AE1 >> AEII 
= E-ETj = HO (1,3-Dipole) - LU (Dipolarophile) 
EII = E%  Eq = HO (Dipolarophile) - LU (1,3- Dipole) 
Figure 3 
The flow of electrons would then become unidirectional from HO 
(1,3-dipole) to LU (dipolarophile) leading to a zwitterionic intermediate 
(10). 
(9) 




zwitterionic transition stat 
The zwitterionic intermediate would require a nucleophiic 1,3-dipole 
with a structural symmetry disturbed by substitution and an electrophilic 
12 
dipolarophile to give the correct mix of high (1,3-dipole) and low 
(dipolarophile) it-MO's. 
Huisgen 17  found that aliphatic thiocarbonyl ylides together with 
an ethylene derivative with four electron withdrawing substituents 
provided the necessary range of MO energies. Spiro- 1,3,4-thiadiazoline 
(11) loses nitrogen to give the thiocarbonyl ylide (12). This can then react 
in situ with dimethyl 2,3-dicyanofumarate (13) to give cycloadducts (16) 
and (17) in good yield (Scheme 5). A 52 48 mixture of diastereomeric 
cycloadducts (16) and (17) was isolated and it is thought that the 
nonstereospecificity of is due to the formation of zwitterionic 























A further piece of work by Huisgen 18,  the thiocarbonyl ylide (12) 
was reacted with tetracyanoethylene (19) in moist THF to give the spiro 
structure (21) (Scheme 6). The formation of the product can be explained 
by two intermediates (19) and (20). A cyclic ketenimine intermediate (22) 
has also been isolated and had it's structure determined by X-ray 
crystallography 19•  The five membered ring in this system is more rigid 















In the •above examples the geminal methyl groups prevent the 
tetrasubstituted ethylene from approaching the planar thiocarbonyl ylide 
bond system. Formation of zwitterion (14) or (19) is less hindered 
because the dipolarophile first attacks at the more accessible methylene 
terminus. Other examples of stepwise 1,3-dipolar cycloadditions have 
been reported 20 
Following these examples of non-concerted cycloadditions it was 
asked 18  if all 1,3-cycloadditions could take place via a two-step 
mechanism and if the stereospecificity is due to krot/kc yci being a small 
15 
term. 	Bihlmaier's work on the highly stereospecific addition of 
diazomethane to methyl tiglate 21  made this look unlikely. Houk, 
Firestone and co-workers 22  tested the addition of 4-nitrobenzonitrile 
oxide to cis and trans-dideuterioethylene and over 98% retention of 
stereochemistry was observed. One can conclude from this work that 
'normal stereospecific 1,3-cycloadclitions follow a fundamentally different 
mechanism, from these highly specialised limiting cases, involving no 
intermediates. Houk has recently published a review 23  of the "stepwise 
Vs concerted" debate detailing the major arguments. 
The usefulness of 1,3-dipolar cycloaddition to form five-membered 
heterocycles is unquestionable and many papers and reviews 24,25  have 
been published in this area. 
1.2.2) Intramolecular 1,3-Dipolar Cycloadditions 
In contrast to the vast amount of work relating to bimolecular 1,3-
dipolar cycloaddition there is comparatively little concerning 
intramolecular examples. Intramolecular cycloadditions require a 
molecule to contain both the 1,3-dipole and the dipolarophile. The 
molecule proceeds via a [3 + 2 -* 51 mechanism to form a fused five-
membered ring system as in Scheme 7. 










Lebel and Whang 26  were the first to report an intramolecular 1,3-
dipolar cycloaddition in 1959. The nitrone (25) was prepared either by 
the oxidation of an N-alkenylhydroxylamine (23) or by the condensation 
of an unsaturated aldehyde (24) with N-methylhydroxylamine and 
underwent intramolecular cycloaddition to give the fused bicyclic 
isoxazolidine (26) (Scheme 8). 
HO 
"N—(CH2)4 —CH-CH2  
Me" 	 CH2=CH(CH2)3CHO 








Several reviews 27 .28 .29 of intramolecular cycloadditions have been 
published as have numerous papers detailing their use in the synthesis of 
natural products 30,31 
1.3) ELECTROCYCLIC REACTIONS 
In addition to cycloadditions 1,3-dipoles may also react via 
electrocyclic processes 32•  An electrocydic reaction is defined 33  as one in 
IVI 
which an unsaturated system undergoes a ring closure which can be 
envisioned as an electron shift, the net result being the conversion of a iv 
bond to a a bond. For an electrocycic reaction to take place the 1,3-dipole 
must be in conjugation with the dipolarophile. In principle these 
reactions are reversible and can open by the same energy profile as the 
ring closure to give polyenes (Figure 4) 
Figure 4 
These electrocycic processes belong to a class of one-step pericycic 
reactions which conform to the principle of the conservation of orbital 
symmetry 7.  There are 3 main types of 1,3-dipolar electrocyclic reactions; 
1.3-retro-electrocydisations (4 ii), 1.5-electrocyclisations (6 it) and 1.7-
electrocycisations (8 it) as shown in Figure 5. 
',\ 	1.3-retro-electrocyclisation a—c 	 a c- 
V 
II 	e 	1.5-electrocyclisation 
b—A 
c ,— -V 	
,b—a 
II 	g 	1.7-electrocyclisation g 	 d / 
Figure 5 
LI 
1.3-Retro-electrocycisations are of great importance in the 
generation of certain types of 1,3-dipole, most notably nitrile ylides via 
the photolysis of 2H-azirines ", azomethine ylides from the thermolysis 
of aziridines 35,36  and carbonyl ylides from either the thermolysis, 
photolysis or flash vacuum pyrolysis of oxiranes 37,38,39  (Figure 6). 
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1,3-Dipoles of both the allyl and propargyl-allenyl types can 
undergo 1.5-electrocyclisation to form five-membered rings. Thionyl 
chloride reacts with 2-hydrazidopyridines (31) to give 3-(2-pyridyl)-
1,2, 3,4-oxathiadiazole-2-oxides (32). Thermolysis of these heterocycles 
gives the nitrile imine (33) which then undergoes 1.5-electrocycisation to 




3i)2.yRl 	SOCl R3 _. ' N 	R2 









(34) 	 R2 
Scheme 9 
1.5-Electrocyclisations have been used widely in the synthesis of 
monocyclic and fused ring systems and have been the subject of several 
papers and reviews 40,41  and consequently will not be covered in any 
more detail in this thesis. 
Of more direct relevance to this thesis is the 1.7-electrocyclisation 
of 1,3-dipoles. In order for a 1.7-electrocydisation to occur the 1,3-dipole 
must possess a43; 7,6 unsaturation. These 87t-electron systems are 
isoelectronic with the heptatrienyl anion and are thus predicted to 
thermally ring close in a conrotatory fashion to give seven-membered 
heterocycles. 
Of the allenyl-propargyl type of 1,3-dipoles, diazoalkanes, nitrile 
imines and nitrile ylides are all known to undergo 1.7-electrocyclisation 
while of the allyl type only carbonyl ylides appear to do so. 
20 
Many examples of the 1.7-electrocycisation of these and other 1,3-
dipoles are known 42  and those of diazoalkanes shall be discussed in more 
detail in a later section. 
Padwa 43  found that irradiation of (Z)-3-phenyl-2-styryl-2H-azirine 
(35) gave 1-phenyl-3H-2-benzazepine (38) in 80% yield. This was 
explained in terms of nitrile ylide (36) undergoing a 1.7-electrocycisation 
to give (37) followed by a [1, 5] sigmatropic hydrogen shift to restore 









The 1.7-electrocycisations of nitrile ylides have been extensively 
studied by Sharp and co-workers and have been shown to be useful routes 
to various benzazepine systems. Work was carried in systems where both 
the a43 and 7,6 unsaturation were part of benzene rings 44  and this 











the aromaticity of the benzene rings once again being restored by the 




The 1.7-electrocydisations of nitrile ylides have been found to be 
irreversible 45,  in contrast to those of diazoalkanes. There are also 
differences in their reactivities when the aM bond is aromatic and the y,8 
bond is olefinic (Scheme 12)4 For nitrile ylides it is not certain whether 
the cyclopropa[c]isoquinoline (44) is being formed via a 1.7-
electrocyclisation followed by a ring contraction or a 1.1-cycloaddition of 
the nitrile ylide (42) across the double bond to give (44) as the major 
product 4.  If the reaction is occurring via a 1.7-electrocycisation then 
the rate of ring contraction would have to be faster than the sigmatropic 
22 
hydrogen shift. It seems likely however that the nitrile ylide is reacting 
in a manner similar to that of a singlet carbene. 
RI 





















In the related system (45) the ctj3 bond is part of a thiophene ring 
and in this instance the major product was found to be the thienoazepine 


























This may be due to the nitrile ylide reacting in a different manner or it 
may be that the thiophene tricyclic product (48) is less stable than the 
corresponding benzo-analog. 
More recently, work has been carried out in which either the cc,f3 or 
the y,8 bond have been part of heterocyclic rings thus giving a range of 
heterocyclo[d][2]benzazepines 41 (Scheme 14). 
Scheme 14 
Another 1,3-dipole of the aflenyl-propargyl type to undergo 1.7-
electrocycisation is the nitrile imine 48• 	These systems, like 
diazoalkanes, 	will 	give 	diazepine-type 	products 	after 	1.7- 
24 
electrocycisation. They differ from diazoalkanes however in that the 1.7-
electrocycisation will proceed if either of the terminal substituents of the 
olefinic double bond is hydrogen, whereas the diazoalkane must have a 
cis hydrogen (trans substitution) as shown below. 
The 1.7-electrocycisation reactions of diazoalkanes will be 
discussed in detail later on. 
Ri 
- RRiandior R2 = H 







R2 = H 	EJI<N IN 
(58) 
Carbene derived products 
Scheme 15 
2) DIAZOALKANES 
2.1) STRUCTURE AND PROPERTIES 
Diazoalkanes are members of the prop argyl- allenyl class of 1,3-
dipole and are best represented by a series of resonance hybrids, 
comprising linear structures with opposing dipoles (Scheme 4). The first 
known diazoalkane was diazoacetic ester prepared by Curtius 49  in 1883 
viii 
by treatment of glycine ester hydrochloride with potassium nitrite as 
shown below. 
+ -KNO2 
C2H502CCH2NH3C1 	IN C2H502CCH=N2 + KC1 + H20 
Scheme 18 
The simplest diazoalkane, diazomethane (CH2N2), is a highly toxic 
yellow gas which is explosive at room temperature. It has been shown to 
have a linear, planar structure by electron diffraction 50  and microwave 
spectroscopy 51•  The resonance hybrid structure is supported by bond 
lengths and 13C NMR spectroscopy 52,  showing that the carbon has a high 
electron density (Sc 23.1), thus indicating a large contribution from 
structures with a negative charge on the carbon. 
The stability of higher homologues depends markedly on the 
nature of any substituents. Conjugating substituents increase the 
stability of diazoalkane irrespective of being electron donating or 
withdrawing, as do non-conjugating electron withdrawing groups. Non-
conjugating electron donating groups, however, decrease the stability of 
the diazoalkane as they favour a formal positive charge on the carbon. 
Thus diazomethane and diazoethane are highly unstable gases under 
normal atmospheric conditions while diazoalkanes with electron 
withdrawing substituents such as carbonyl or nitrile may be conveniently 
handled as liquids or solids. 
26 
2.2) GENERATION 
As mentioned earlier, Curtius prepared ethyl diazoacetate by the 
diazotisation of the ethyl ester of glycine. This method however is not 
general as it requires both a strong electron withdrawing group and a 
hydrogen on the a carbon of the amine. 
A general method of generating diazoalkanes (RCH.N2) is the 
treatment of a nitroso compound with the general formula 
R.CH2.N(NO).X with a. suitable base. For example diazomethane (1) is 
conveniently prepared by treatment of N-nitroso-N-methylurea (59). 
NO 
	
CH3—N 	+KOH 	lo CH N2 +KOCN +2HJ 
'CONH2 	 (1) 
(59) 	 Scheme 17 
Disubstituted diazoalkanes can be prepared by the oxidation of 
ketone hydrazones with a variety of agents including manganese dioxide 
53, lead tetra-acetate 54  and mercuric oxide 55 . Schechter has recently 
been able to extend this work to include the oxidation of hydrazones to 
give more sensitive diazoalkanes such as 1-diazopentane 56  (61) as shown 






(6 1) H 
Scheme 18 
Hydrazones (62) may also be converted into diazoalkanes by 
treatment with p-tosyl azide as in Scheme 19. 
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Diazoalkanes have also been prepared by the. base-catalysed 
transfer of a thazo moiety to a methylene group adjacent to one or more 
electron withdrawing groups 57,58,59  as shown below. 
RCH2CO2C2H5 	 RCN2CO2C 2H5 
I 	base 





The method used in this research for preparing diazoalkanes was 
the base-induced decomposition of tosylhydrazones. It was observed by 
Bamford and Stevens 60  that heating non-enolisable tosylhydrazones (64) 
with base gave diazo-compounds or the products of their decomposition 
e.g. alkenes (65). 
-N-Ts N 	
NaOEt+-t42 Q: + N2+ NaTs (3 
(64) H (65) 
Scheme 21 
The mechanism of and factors affecting the Bamford-Stevens 
reaction have been extensively studied and many reviews and papers 
have been published 61,62,63 
2.3) CARBENE FORMATION 
Diazoalkanes readily lose nitrogen to form carbenes via their 
thermal or photolytic decomposition. This has consequently been widely 
used as a method of carbene generation S (Scheme 22). Carbenes are 
highly reactive, neutral species in which carbon has two covalently 
bonded substituents and two non-bonding electrons. These electrons may 
have parallel spin states and occupy different molecular orbitals (triplet 
state) or be spin-paired (singlet state). Carbenes have a lifetime of less 
than one second and are known to undergo a variety of different 
reactions, including addition to alkenes, aromatic rings and other 
multiple bond systems; insertion into carbon-hydrogen bonds; abstraction 
of hydrogen; rearrangements and dimerisation 64,65 
Carbenes are the most common intermediate in the photochemical 
and thermal decompositions of diazoalicanes. It should be stressed 
however that it is not known for certain whether the products of 
"carbene" reactions are due to the carbene or if they sometimes may arise 
from the excited diazoalkane 66  or some other species in which the 
departing nitrogen may play some part 67 
In the thermolysis of diazoalkanes there are three common side 
reactions of the diazoalkane which can interfere with carbene generation 
(Scheme 22). Firstly, diazoallcanes are susceptible to protonation 
followed by loss of nitrogen to give the carbocation (66). The carbene may 
attack the diazoaliane to give the azine (67) or may dimerise to give the 
aUcene (68). 
R 	+ - HA R\ 	+ -N2 	R 
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Scheme 22 
In addition the diazoalkane may react as a 1,3-dipole and add to 
any alkene or alkyne present to give the pyrazolines or pyrazoles which 
may then extrude nitrogen to give what are apparently carbene derived 
products. 
2.4) 1.3-DIPOLAR CYCLOADDITIONS 
As with other 1,3-dipoles, diazoalkanes are able to undergo a wide 
number of cycloaddition reactions, both inter- and intramolecular, to give 
five-membered rings as products. 
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2.4.1) Intermolecular 1,3-dipolar cycloadditions 
The first reported 1,3-dipolar cycloaddition was reported by 
Buchner as long ago as 1888 68 Buchner observed the addition of a 
diazoalkane (69) to an a,13 unsaturated ester (70) to give the 1-pyrazoline 















Diazoalkanes are known to undergo a wide range of 1,3-dipolar 
cycloadditions readily, to give five-membered heterocycles. They react 
with alkenes to give pyrazolines 1,2,24, alkynes to give pyrazoles 69  and 
other unsaturated functions 5 . 
2.4. 1) Intramolecular 1, 3-dipolar cycloadditions 
As with other 1,3-dipoles if the diazoalkane contains unsaturation 
within the same molecule then it may undergo intramolecular 
cycloaddition. Kirmse 70 reported the first true intramolecular 1,3-
dipolar cycloaddition, the synthesis of 1-pyrazoline (74) from diazoalkane 
(73). The diazoalkane was generated by the thermal decomposition of the 
corresponding tosylhydrazone sodium salt and then added via a [3+2—*5] 





(73) 	 (74) 
Scheme 24 
Many other examples of intramolecular 1,3-dipolar cycloaddition 
of diazoalkanes have been reported upon in the literature 32,71  and will 
not be discussed further here. 
2.5) ELECTROCYCLIC REACTIONS 
As previously mentioned if the diazoalkane is conjugated to other 
unsaturated systems it may react via an electrocycic process. 
2.5.1) 1. 5-Electrocyclic reactions 
If the diazoalkane is a,P unsaturated then a 1.5-electrocycisation 
may occur. Adamson and Kenner 72  and Hurd and Lui 73  both reported 
that 3-diazopropene (R=H) (75) reacts slowly at room temperature to give 
the 3H-pyrazole (76) which then undergoes a [1,5] hydrogen shift to give 
the 1H-pyrazole (77). 
+ 
R 	 R 
(75) 	 (76) (77) 
Scheme 25 
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Brewbaker and Hart later concluded that such reactions take place by an 
intramolecular concerted process 74 
In addition to undergoing 1.5-electrocydisation to give pyrazoles 
the diazoalkane can react via loss of nitrogen and give carbene derived 
products. Closs, Closs and Boll 75  studied the thermal decomposition of 
cc, unsaturated tosylhydrazones of type (78) in aprotic media at 160-220 
0C using sodium methoxide as base. It was shown that when there was 
no cis hydrogen present the reaction proceeded via loss of nitrogen and 
subsequent carbene formation to give the cyclopropene (80.). When a cis 
hydrogen was present the diazoallcane underwent 1.5-electrocyclisation to 
give the pyrazole (81) as expected. 
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The possibility that the 3H-pyrazole was somehow decomposing to 
give the cyclopropene was discounted as 3,3,5-trimethylpyrazole (82) was 
stable under reaction conditions. On reduction of the temperature to 70-90 
OC, diazoalkanes (79) (Ri =Me) were isolated. On pyrolysis these 
diazoalkanes gave the appropriate cyclopropenes thereby showing that the 




Sharp and co-workers 76 have investigated the reactions of 
unsaturated diazoalkanes via study of the base catalysed decomposition of 
tosylhydrazones. Of particular interest were those of cz-methylene 
cyclopentanones (83, n1), the analogous a-methylenecyclohexanones (83, 
n=2), and acyclic unsaturated ketones (84). - 
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It was found that acyclic systems (84) gave exclusively pyrazoles; e.g. 
when (85) was thermolysed under aprotic conditions it cycised to give the 
pyrazole (86). This pyrazole (86) was extremely sensitive to acid-catalysed 























The thermal decomposition of tosylhydrazone salts of type (83) were 
found to be profoundly affected by ring size and substitution of the double 
bond. When there was only one substituent on the double bond (Ri or 
H) the ring size did not have any effect upon the reaction and the salts 








When the double bond has two alkyl substituents however the ring 
size determines the mode of reaction. For the cyclohexanone derivatives 
(83, n=2) the diazoalkane reacts as before to give the 3H-pyrazole (88, n2). 
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The cyclopentanone derivatives (83, n1) however yield dienes (90) on 
thermolysis. These thenes are clearly formed by the insertion of singlet 
carbenes (89) into the neighbouring CH bond. Formation of the diene is 
thus preferred over carbene insertion into the double bond to give the 
cyclopropene (as shown earlier, Scheme 26). This is due to the additional 


















A similar ring-size dependency was also noted for diaryl substituted 
tosylhydrazones of type (91). In these systems it was noted that the 
cyclohexanone derivatives (91, n=2) reacted as before to give the 3H-
pyrazoles (92) but the cyclopentanone derivative (91, n1) reacted by an 
entirely different route to give novel 1,2-benzodiazepines (94). The 
thazoalkane undergoes 1.7-electrocycisation to give tricyclic product (93) 
which then undergoes a sigmatropic hydrogen shift to give the 1,2-
benzodiazepine (94) as the product (Scheme 30). 
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The 1.7-electrocycisations of diazoalkanes will be covered in more detail in 
the next section. 
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The difference in periselectivity in these systems ((91) and (83)) was 
rationalised in steric terms. Models constructed from Dreiding units 
showed that the separation of the termini of the it system and the 
diazoalkane is 0.35 A greater in the cyclopentane system (95) than in the 
corresponding cyclohexane (96). 
Thus when a cyclohexyl ring is fused at C1-C2 the diazoalkane is able 
to twist around and react at the terminal carbon of the olefin, forming the 
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pyrazole. The added separation caused by the cyclopentyl ring would 
require a greater distortion of the diazoalkane to be able to react at the 
olefin terminus. This added distortion increases the energy barrier for 
cycisation which therefore makes other reaction pathways more 
competitive. In the diailcyl substituted tosylhydrazone, the loss of nitrogen 
and formation of a carbene is the preferred mode of reaction. When the 
olefin has two aromatic substituents then 1.7-electrocycisation is preferred. 
2.5.2) 1 .7-Electrocyclic reactions 
Diazoalkanes of the type (97) with a,13:y,8 unsaturation are 
isoelectronic with the heptatrienyl anion. This system is known to undergo 
thermal conrotatory electrocycisation to the cycloheptadienyl anion and 
therefore we would expect the diazoalkane to undergo an analogous reaction 








As mentioned previously, such systems may also, in principle, react 
via a disrotatory 1.5 electrocyclisation to give pyrazoles. Consequently a 
great deal of work has been devoted to determining the factors controlling 
the periselectivity between 1.5 and 1.7 modes of reaction in a range of 
systems of this type differing in the nature of the double bond. 
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In the basic system (98) where both the a,p and the y,6 are olefinic 
in nature then the diazoallcane undergoes a 1.7-electrocycisation with no 
pyrazole (99) being formed via the competing 1.5-electrocycisation  75 
R 
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Scheme 31 
This is in marked contrast to the case mentioned earlier (85) where 
the y,6 bond is aromatic in nature and 1.5-electrocycisation is the 
preferred mode of reaction. These systems, with the a,f3 bond olefinic and 
the y,8 bond aromatic, can be induced to react via 1.7-electrocycisation by 













When a cyclopentyl ring was fused at C1-C2 the diazoalkane (103) 
reacted via all three modes of reaction to give (104), (105) and (106). This 
was the first example of a 3-aryl-1-diazoalkane which reacted by both 1.5-








This effect can be again be rationalised in terms of the separation 
of the termini of the double bonds and the diazoalkane moiety (Figure 9). 
In (107) the termini separation is slightly greater than in (95) but not as 
great as in (94) . Thus in contrast to (94) both the flit and Sit modes of 
reaction are available. The formation of the carbene-derived product 
(104) is also competitive as the diazo-group can rotate out of conjugation 
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Figure 9 
In these reactions it was found that the yield of the pyrazole (105) 
decreased on prolonged heating with a commensurate increase in the 
diazepine (106) and the cyclopentaindene (104). This suggests that the 
6iit process is kinetically favoured with the pyrazole being subsequently 
transformed into the more stable diazepine. Although the equilibrium 
between the pyrazole and the diazepine may be strongly in favour of the 
pyrazole the irreversible hydrogen shift will eventually drive the reaction 
towards the diazepine. Thermolysis of the isolated pyrazole (105) 
produced both the diazepine (106) and the carbene product (104). 
The a,P bond may be aromatic in character and this will also 
greatly affect the periselectivity of the system. Systems such as (108) 
have been found to cycise exclusively by 1.7-ring closure to give 1H-2,3-
benzodiazepines (109) as the end products 78• The 1.5-electrocycisation 
is uncompetitive because in addition to the energy barrier needed to 
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disrupt the aromaticity of the ring there is an additional barrier required 
to bend the linear diazo-group to achieve the correct geometry for attack. 
This 1.7-electrocycisation takes place in two steps; (i) a 1.7-
electrocycisation (8it) followed by (ii) a supra-facial [1,5] hydrogen shift to 
restore the aromaticity of the system and give the final product (109) as 






It was also found that the presence of a cis hydrogen was vital, for 
the success of these cycisations as otherwise the reaction was completely 
inhibited and instead carbene. products were formed 79 . Thus cis-
substituted o-allcenylaryl diazoalkanes (110, X#H) were found not to 
undergo 1.7-electrocycisation but instead gave carbene derived products. 
This was not unexpected in (liOa) as methyl has a poor mobility in 
sigmatropic shifts and so intermediate (lila) would have it's forward 














The failure of both (ilOb) and (hOc) to cycise however was a 
different matter as in both cases the cis substituent (X= Ph, CO2Et) has a 
good mobility for sigmatropic shifts. It therefore seems likely that the 
blockage of the electrocyclisation may not be due to the reluctance of the 
Me, Ph and CO2Et to migrate in the second step but because they are 
somehow preventing the initial ring closure. This was confirmed by the 
failure of diazoalkane (114) to undergo electrocyclisation, while the 
corresponding trans isomer (115) did cycise (Scheme 36). The two 
diazoalkanes (114) and (115) would give the same initial product (116) if 
they both cydised. Thus (114) must not be able to undergo cyclisation 

















To account for these experimental observations Sharp 80  has 
postulated that 1.7-electrocyclisations occur via a helical transition state 
(118). This model has an easily accessible geometry which brings the 
terminal atoms into a bonding overlap and requires only minimal angular 




In this transition state there is a steric interaction (marked ++ in 
Figure 10) between the cis substituent X and N-2 of the diazo-group (Nt). 
The size of this interaction is obviously dependent on the nature of X and 
is small when X = H. Models however have shown that when the cis 
substituent is a methyl or phenyl group, the steric interaction is much 
larger. This large steric interaction will raise the activation energy of the 
1.7-electrocycisation thereby making it uncompetitive with other 
reaction modes such as carbene formation. 
Systems in which both the ct, P and y,ö bonds are aromatic in nature 
do not to undergo 1.7-electrocycisation. This is because the activation 
energy required is too great as it involves the disruption of two aromatic 
systems. In these cases the preferred mode of reaction is via carbene 
formation with loss of nitrogen. 
Some work has also been carried out on systems comprising 
thiophene rings as part of the unsaturation 81 . In systems where the ct, 
unsaturation corresponds to the 2,3 bond of the thiophene, (119) and 
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(120), the diazoalkanes undergo 1.7-electrocycisation to give the 
thieno[3,2-d] and thieno[2,3-d]-[1,2]diazepines (121) and (122) 
respectively. In contrast however if the a4 bond corresponds to the 3,4 
bond of the thiophene (123) then the diazoalkane does not cydise but 













Carbene derived products, i.e. 




It was also shown that 1-thienyl-3-diazoalkenes are more reactive 
to 1.7-electrocycic substitution than the corresponding phenyl analogues 
due to their lower resonance stabilisation 82  . The thiophene ring is still 
stabilised enough however, that neither 3-diazoalkyl-2-phenyl nor 2- 
diazoalkyl-3-phenythiophenes undergo either 	1.5- 	or 1.7- 
electrocydisations but instead give carbene derived products 83 
3) REACTIVITY STUDIES IN PERICYCLIC SYSTEMS - 
An appreciation of the factors which affect rate and reactivity is 
vitally important in the utilisation of chemical reactions. Such an 
understanding allows the scope and synthetic applicability of the reaction 
to be maximised and an insight gained into it's reaction mechanism. 
3.1) PERICYCLIC CYCLOADDITION REACTIONS 
The two most famous pericycic cycloaddition reactions are the 
Diels-Alder reaction and 1,3-dipolar cycloaddition. Examples of the Diels-
Alder reaction 84  have been known for over a century but it was not until 
the work of Diels and Alder in the 1920's that the generality of the 
reaction was appreciated. 1,3-Dipolar cycloadditions wre similar in that 
examples wre known long before the work of Huisgen ' in the 1960's who 
developed the general concept. 
At a basic level the reactions are both flit-electron pericycic 
reactions. The Diels-Alder reaction being a [4 +2] Bit electron reaction 
and 1,3-dipolar cycloaddition being a [3 + 2] flit electron reaction. 
C reaction 




Although these Lit electron processes are the most well known there are 
many examples 85,86 of other pericycic cycloadclition reactions, for 
example those shown in Figure 12. 
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Figure 12 
All of these reactions involve the formal conversion of 2 it-bonds into 2 a- 
bonds during a cycloaddition mechanism. 
As mentioned earlier the reactions have low activation energies 
and high negative values of activation entropy indicating highly ordered 
transition states. The mechanism of the Diels-Alder reaction was 
rationalised first and it was realised later that 1,3-dipolar cycloadditions 
follow an analogous mechanism as discussed earlier. Both of these 
reactions have a "parallel-planes" transition state with concerted bond 
formation at both termini, as shown in Figure 13. 




The experimental data showed these reactions to be highly stereospecific 
and strongly regioselective and with well defined patterns of reactivity. 
The mechanism was not understood until the advent of the Woodward-
Hoffmann rules 7  and it was not until Sustmann's work in 1971 that 
regioselectivity and relative reactivity in these systems was understood 
15. This work has been the subject of exhaustive research and is 
consequently covered in great detail in the literature. The attention of 
the reader is drawn to the work of R.B Woodward and R. Hoffmann 1, 87 , 
K. Fukui 12,  R. Sustmann. 88  and K.N. Houk 89,90 . An overview of the 
subject is presented in Fleming's book 91  and so the subject shall not be 
covered in any more detail. 
3.2) ELECTROCYCLIC REACTIONS 
Woodward and Hoffmann in their initial set of papers on the 
conservation of orbital symmetry grouped pericycic reactions into three 
distinct groups, electrocyclic reactions 33 ,  cycloaddition reactions 92  and 
sigmatropic reactions 93.  Of these three groups electrocyclic reactions 
have received the least attention. 
3.2.1) Stereoselectivitv 
Observations that in electrocycic reactions thermal and photochemical 
activation gave different stereochemical results led to the development of 
the theory of conservation of orbital symmetry. The theory itself is very 
simple and is based upon the idea that the stereochemical course of an 
electrocydic reaction is determined by the symmetry of the highest 
occupied molecular orbital of the open chain partner in these changes. 
The phase relationships between the it-orbital lobes in a fully conjugated 
system reacting via a cyclic transition state will permit an energetically 
favourable transition state only under certain rotational operations. The 
results of this can be seen in the stereochemistry of the products of such 
reactions. For example in open chain systems containing 4n it-electrons, 
the symmetry of the highest occupied ground-state orbital is such that a 
bonding interaction can only occur via orbital overlaps on opposite faces 
of the system and this can only come about via a conrotatory process, as 
illustrated in Figure 14 for a 47t system. Conversely in open chain 
systems with 4n+2 it-electrons, a terminal bonding interaction requires 
overlap of orbital envelopes on the same face of the system, which is only 




6 7 	- 	disrotatory 
Figure 14 
The orbital conversions can be mapped via symmetry operations 
and correlation diagrams 94 as shown for the butadiene-cyclobutene 
example in Figure 15. From examination of the reaction it is seen that 
two symmetry elements are relevant, a plane (a) or a two-fold axis (c2). 
These elements must bisect one or more of the bonds being made or 
broken during the reaction. The molecular orbitals are then used to 
ascertain their symmetry classification with respect to each symmetry 
element. In this example we see how the ground state of butadiene 
correlates with the ground state of cyclobutene only for the conrotatory 
process. The conrotatory process is thus termed "symmetry allowed" 
while the disrotatory process is termed "symmetry forbidden". These 
terms apply to the ground state or thermal reaction with the converse 
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These predictions were based upon consideration of the 
unsubstituted polyenes and so it was then of interest to consider 
substituted systems. Epiotis considered this question by two different • 
approaches which gave essentially the same conclusions 95. A 
perturbation analysis of ring closure reactions leads to the conclusion 
that increased substitution by both electron-withdrawing and electron-
donating systems will lead to a progressive decline in the stabilisation 
energy for the mode of ring closure preferred for the unsubstituted 
system, which leads to an increased probability of ring closure occurring 
by the opposite mode to that predicted for the unsubstituted system. This 
can also be seen by using a configuration interaction approach. 
=' DON DON 
Figure 16 
On examination of Figure 15 we can see that the symmetry 
forbidden disrotatory closure would become symmetry allowed if one or 
both electrons are promoted from the HOMO to the LUMO of butadiene. 
Therefore when the HOMO and LUMO of butadiene are brought closer 
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together the clisrotatory process becomes more likely. The union of 
substituted olefins would reduce such a gap in the energy levels of the 
molecular orbitals as shown in Figure 16. 
Carpenter then proposed a simple model for qualitatively 
predicting the effects of substituents on the rates of thermal pericycic 
reactions 96• This model is based on the assumption that the 
substituent's influence on the reaction is the sole influence on the 
reaction rate. Using this model for the predicted effects on the butadiene 
<-> cyclobutene system (as shown in Figure 17) showed that in general 
substituents at position 2 are expected to have effects as large or larger 
than at position 1. 
Jq2 
Figure 17 
It is of interest that the substituent effects are predicted to be 
larger for the symmetry forbidden (disrotatory) reaction than for the 
allowed reaction. This is a general phenomenon and is in accord with the 
calculations of Epiotis 95 discussed earlier. This work was extended by 
Wilcox, Carpenter and Dolbier 97  to include the effects of benzannelation 
and bismethylenation on the rates of four-membered ring-opening 
reactions. The most striking observation of this work is that the 
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benzannelation is predicted to decrease the activation enthalpy for 
disrotatory ring-opening but to increase the activation enthalpy for 
conrotatory ring-opening. These 	predictions 	find some 	support 
experimentally with the conversion of (124) to (125) having a higher 
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Figure 18 
An alternative explanation for the observed results was that steric 
considerations force the reaction to react via a non-concerted route. A 
diradical mechanism seems the most likely to give the species (128) and 
(129) as shown in Scheme 38. This diradical mechanism does not involve 
the loss of aromaticity of (126) initially. The formation of (129) would be 
expected to be more favoured than that of (128) due to the stability of the 
two benzyl radicals. This diradical approach also explains why (126) is 
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The symmetry-based selection 7 , 	 rules for electrocycic 
reactions distinguish between con- and disrotatory processes but do not 
allow prediction of "torqueselectivity". That is they do not distinguish 
between the two possible disrotatory modes or the two possible 





Houk et al investigated the effects of substitution on the 
torqueselectivity of the conrotatory electrocyclic reactions of cyclobutenes 
and found that in 3-substituted systems (130) the nature of the 
56 
substituent could affect the difference in the energies of the two 
transition states by as much as 20 kcallmol 98 For the cyclobutene 
system electron donors favour outward rotation ((130) to (131) in Scheme 
39) because it minimises repulsive cyclic four-electron interactions and 
maxithises stabilising cyclic two-electron interactions. The opposite 
electronic nature of electron acceptors favours inward rotation ((130) to 
(132)). 
R 
Ra 10 	 or 90-100°C 
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Scheme 39 
Houk and co-workers further investigated substituent effects on 
symmetry forbidden reactions 99 . The reaction studied was the forbidden 
disrotatory electrocycisation of bridged o-xylylenes (133) to form 
benzocyclobutenes (134). It was found that electron-withdrawing groups 
have larger effects on the activation energy than electron-donating 
groups. This is due to a large stabilisation of the HOMO by the 




	Scheme 40 	(134) 
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More recent work by de Lera et al showed how the thermal 
electrocycic ring closure of vinylallenes (135) to alkylidenecyclobutenes 
(136) is pen-, regio- and torquoselective depending on the nature of R 1 
and R2 100 . The influence of R' is thought to be due to steric 









1,3-Dipolar electrocycic reactions are now well established 
synthetic routes and have been the subject of several reviews 40, 41, 42, 94 
Despite this, there is relatively little known about the factors which affect 
the rates of these reactions Heimgartner carried out a reaction which 
had two possible modes of electrocycisation for a nitrile ylide (138) as 
shown in Scheme 42 10 . It was found that the nitrile ylide (138) 
preferred to undergo 1.5-electrocyclisation with the double bond of the 
carbonyl than with the olefinic unsaturation. 
Im 
CH&,CO2CH2CF3 	 - CH3 	CO2CH2CF3 
Ph C N=C 
Ph( 	
h 	 + 














There has also been work investigating the reasons why 
isoelectronic 1,3-dipoles have greatly differing reactivities and may react 
by totally different mechanisms. As mentioned earlier, the periselectivity 
of diazoalkanes is dependent upon the nature and position of the 
conjugated double bonds (Scheme 43). Steric constraints were also found 
to be able to exert a large influence on the course of the reaction. These 
results lead to the conclusion that the activation energy for the various 
possible modes of reaction for the 1,3-dipole are of a similar magnitude. 
Slight changes to the system can thus alter the mode of reaction and so 
the selectivity can be manipulated. Lipmann and co-workers also 
investigated the reactions of a range of nitrile imines which had several 
possible modes of reaction open to them 102• 
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Padwa investigated the reactions of the nitrile ylides (36) and (149) 
derived from the irradiation of (Z) and (E)-3-phenyl-2-styryl-2H-azirines 
(35) and (148) 43,103• These results were found to be a general 
phenomenon for cis-aryl substituents and were explained in terms of 
stereoelectronics. Thus for nitrile ylide (36) the 1.7-electrocycisation 
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electrocydisation and so the benzazepine (38) is formed in preference to 
the pyrrole (150). The transition state required for the 1.7-
electrocycisation of nitrile ylide (149) cannot be attained and so the 
preferred mode of reaction is 1.5-electrocycisation. Calculations by the 
same group show that the 1.5-electrocycisation of (36) to the pyrrole is 













3.3.4) Relative reaction rates 
As discussed earlier much experimental work has been carried out 
in cycloaddition chemistry to discover the effects of substituents, both on 
the 1,3-dipole and the dipolarophile, on the rate of reaction. These 
results were rationalised effectively by Houk using frontier molecular 
orbital theory which thus provides a simple predictive model for these 
systems. Until recently there was little such work on electrocycisation 
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reactions and none at all for the 1.7-electrocycisation of diene-conjugated 
diazocompounds. 




Thus for example, in nitrile ylide cycisations there was no way to predict 
whether the substituent S in (151) (Scheme 45) would favour or disfavour 
cycisation or whether or not cycisation would be effective onto electron 
rich or electron poor heterocyclic rings e.g. (153) and (154). 
NCPh, 	 CH—NCPh 
(153) 	 (154) 
In the first investigation of substituent effects it was originally 
hoped to utilise 'external' competition reactions, by generating a range of 
substituted nitrile ylides (151) in the presence of appropriate trapping 
species (Scheme 46). Using this data a "league-table" of reactivity based 
upon the amounts of benzazepine (152) and cycloadducts (155) formed. 





All attempts using this strategy failed as i) the dipolarophile was 
not reactive enough to contest with the electrocyclisation; ii) the 
dipolarophile or any cycloadducts products formed were unstable under 
reaction conditions 104 
Cullen and Sharp therefore decided on the use of an "internal 
competition" where one intramolecular reaction would compete against 
another 105 It was decided to compete a 1.7-electrocyclisation onto an 
unsubstituted phenyl against a 1.7-electrocycisation where the 7,8 double 







It is notable that in almost all cases the cycisation involving the 6-
substituent was faster than the competing cydisation onto the 
unsubstituted phenyl ring. The only instance of cycisation occurring 
preferentially onto the unsubstituted phenyl ring was in 2'-substituted 
cases where there is a large steric effect which effectively blocks the 
cycisation as shown in Scheme 48. 
U- LN CPh 





The most important results from this work are summarised in 
Table 2. 
Table 2 
fi-Substituent 	Product mixture 157 and 158 
Yield (%) 	 Ratio 157/158 
E-2-phenylethenyl 97 >100 
2-Thienyl 97 >100 
3'-5'-Dimethylphenyl 96 8.3 
3'-S'-Bis-trifluoromethyl 87 32.0 
3'-Nitrophenyl quant. >100 (2'/6' =2.5) 
3'-Methoxyphenyl 99 6.5 (2'/6'=7.3) 
It is significant that in cases (a) and (b) the nitrile ylide cycises 
exclusively onto the olefin and the thiophene ring. This is expected as in 
case (a) it avoids disrupting the aromaticity of the phenyl ring and that in 
case (b) the energy required to disrupt the thiophene ring is significantly 
less than that of the phenyl. In the other cases the substituents, 
irrespective of being electron donating or withdrawing, increase the 
reactivity of the ring to electrocyclisation. 
A possible explanation for this phenomenon is that the substituent 
can stabilise the intermediate formed after the initial attack irrespective 
of whether it is an electron-donating or withdrawing group as shown in 
Scheme 49. In the intermediates (161) and (162) the charge is partially 
localised on the 3' and 5' so that the X or Z substituents at these positions 
can exert strong stabilisation via either inductive or resonance effects. 






(164) * = +1- 
bearing the localised charges and thus would have a smaller stabilising 
effect. 
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(163) * = +1- 
This explanation also helps to explain the observation that the 2-pyridine 
ring in the y,8 position is more reactive to electrocyclisation than a phenyl 
ring (Scheme 50) 106 
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1) 	 PROGRAMME OF RESEARCH 
This thesis is concerned with cz,p:y,8-unsaturated diazoalkanes 
(165) and, in particular, with the factors affecting the rates of the 1.7-
electrocydisation of these systems. 
OCH N 
(165) 
As mentioned earlier the factors affecting reactivity in electrocyclic 
systems are poorly understood. Unlike 1,3-dipolar cycloadditions, there is 
no simple predictive model of the type devised by Sustmann 15,18  and 
Houk 89,90  The development of such a model is hampered due to the lack 
of experimental data on the factors controlling the rates of 
electrocyclisation of 1,3-dipoles. 
Work within the group on the 1.7-electrocyclisations of a,f3:y,3-
unsaturated nitrile ylides of type (156) showed that all substituents (S) at 
the 3 or 4 position increased the reactivity of the ring to electrocyclisation 
relative to that of the unsubstituted phenyl ring 105. This previous work 
had shown that an "internal competition" method was the most 




It was thus our intention to carry out a similar quantitative study 
on the 1.7-electrocydisation reactions of diazoalkanes of type (166). The 
diazoalkane would have two possible positions at which it could cycise as 





The ratios of the two possible products (167) and (168) could then be 
measured by NMR and/or HPLC to determine the product ratio. In this 
manner the effect of the substituents in increasing or decreasing the 
reactivity of the y,S double bond to 1.7-electrocycisation could be 
ascertained. 
Compound (166) has two possible modes of electrocycisation onto 
either of the olefinic groups. It also has aromatic a,j3 conjugation and y,ö 
conjugation which is olefinic in nature to ensure that 1.5-
electrocyclisation cannot compete against the 1.7-electrocycisation to 
further complicate matters. It is also essential that both olefins have 
trans geometry, as the presence of a cis hydrogen is essential for a 1.7-
electrocycic reaction to take place for the reasons discussed earlier. The 
synthetic strategies adopted are discussed in the following sections. 
The method chosen for generation of the diazoalkane was the base 
induced thermal decomposition of a tosylhydrazone GO  as this method was 
well known within the research group. 
Before any competition reactions could be undertaken a model 
reaction, where S = phenyl (169) was to be carried out (Scheme 52). This 
would demonstrate that systems of this type could undergo 1.7-
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Scheme 52 
It was hoped to study diazoalkanes in which S was an electron 
withdrawing group e.g. an ester moiety (CO2Me, CO2Et). In these 
instances it would be necessary to first prepare the simpler diazoalkane 
(165, S = CO2Me, CO2Et) to ensure that this type of system is able to 
undergo 1.7-electrocycisation and that the products from such a reaction 
are stable enough under the reaction conditions to allow accurate 
measurement of their relative ratios. 
'-'I 
2) SYNTHETIC STRATEGY 
As mentioned earlier it was our intention to devise a route to a 
range of diazoalkanes (166) with various differing substituents S. In this 
manner we could measure the reactivity of the substituted y,8 double 
bond to 1.7-electrocycisation against the y,8 double bond with phenyl 
substitution by measurement of the ratios of the two possible products 




Generation of the diazoalkanes (166) would be via the thermal 
decomposition of tosylhydrazone sodium salts and so we required a route 
to the appropriate tosylhydrazone precursors (172). These would be 
prepared by reaction of the corresponding aldehyde and p-tosylhydrazide. 
72 
(172) 
It was envisaged that for some instances the two product isomers 
(167) and (168) may prove difficult to separate or differentiate 
spectroscopically and so a route to one of the isomers was also necessary. 
The synthesis of this "authentic" sample would allow unambiguous 
assignment of the products. It was hoped that the route to the authentic 
sample would run parallel to that required for the competition reactions, 
thereby avoiding the need for a separate long and involved synthesis. 
Various synthetic strategies were attempted before a suitable route 
to the competitive system (166) was found and these shall be dealt with 
in the following sections. The route to the authentic benzodiazepines 
proved to be much more difficult and time consuming than expected and 
the various routes tried shall also be detailed in later sections. 
2.1) Heck route 
The first route attempted utilised the palladium-catalysed vinylic 
substitution of aryl halides, more commonly known as the Heck 
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reaction 107 . This route therefore involved coupling of styrene and 
substituted styrenes to aryl halides. As all of the competitive reactions 
would have a trans-phenyl substituted y,S double bond as standard it was 
decided to couple this moiety to the molecule first. It was hoped that the 
various substituted ethylene moieties could then be added when 
appropriate. 
It was known that aryl bromides are less reactive than aryl iodides 
in the reaction. An aryl iodide will react with an alkene with palladium 
(II) acetate as catalyst while an aryl bromide requires the additional 
presence of a triarylphosphine (usually tri-ortho-tolylphosphine). Thus, 
an iodo group may be reacted preferentially to a bromo group when both 
are present in an arene 108• For example p-bromoiodobenzene (173) was 
reacted with methyl acrylate selectively at the iodo moiety to give (174). 
This was then reacted with styrene to give (EA-methyl 4-



















Therefore in order to utilise this selectivity to synthesise a 
tosylhydrazone of type (172) a bromo-iodo-substituted arene ring must 
first be prepared. The first few steps of the strategy adopted are shown 

















2-Bromo-6-nitrotoluene (177) was prepared from commercially 
available 2-methyl-3-nitroaniine (176) using the method of Harrington 
and Hegedus 110; steam distillation gave the pure product in good yield. 
Attempts to prepare the amine (178) by hydrogenation of (177) failed to 
give the desired product, but instead gave 2-methylaniline in almost 
quantitative yield. 3-Bromo-2-methylaniine was eventually prepared by 
using a stannous chloride and concentrated hydrochloric acid reduction. 
fbi 
The product (178) was isolated from a thick white suspension of tin 
complexes by continuous extraction followed by distillation. The amine 
(178) was converted to the corresponding diazonium salt which was then 
reacted in situ with aqueous potassium iodide. This gave 6-bromo-2-
iodotoluene (179) in 80% yield after purification by chromatography. 
The key step in this synthesis was the selective Heck reaction, 
which involved the coupling of styrene to 6-bromo-2-iodotoluene (179) to 
give the trans-stilbene (180). This reaction proved to be very 
troublesome, requiring heating in a sealed tube at 125 OC for at least five 
days to convert an appreciable amount of starting material to product. 
The crude reaction mixture also required an involved work up procedure 
and then chromatography to purify the product. On scale-up of this 
reaction, the time required to force the reaction to near completion 
increased dramatically, the yields fell substantially and the amount of 
the expensive palladium catalyst required became prohibitive. 
At this stage the synthetic pathway would split according to 
whether we wish to synthesise the authentic samples (as shown in 
Schemes 55 and 57) or the competitive system. 
For the former the next stage of the synthesis was the brornination 
of the substituted. toluene (180) to give the benzyl bromide (181). This 
reaction was carried out using N-bromosuccinimide with benzoyl peroxide 
as a free radical initiator. This reaction proceeded smoothly and gave the 
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product (181) in good yield. The next step of the reaction was the 
conversion of the benzyl bromide to the aldehyde (182). 
10 
(180) 	 (181) 	 (182) 
M IM 
(185) 	 (184) 	 (183) 
Scheme 55 
The method chosen was that of Hass and Bender 111 which involves the 
reaction of a benzyl bromide and the sodium salt of 2-nitropropane. The 
reaction is presumed to go via 0-alkylation and gives the acetoxime as 
byproduct. This reaction gave almost quantitative conversion to the 




The tosyihydrazone (183) was formed by the condensation of (182) 
with para-tosyihydrazide with acid catalysis. The tosylhydrazone was 
formed in both syn and anti forms which made the recrystallisation of the 
material slightly more difficult. Care had to be taken when both making 
and recrystallising (183) not to heat the compound above 50 °C to avoid 
decomposition. The sodium salt of the tosylhydrazone (184) was 
conveniently prepared by adding sodium ethoxide to a solution of (183) in 
ethanol. The sodium salt was kept out of direct sunlight and dried 
overnight to remove all the solvent before it was decomposed. 






















The tosyihydrazone sodium salt (184) was then thermally 
decomposed in DME to give the corresponding diazocompound (186) 
which underwent 1.7-electrocycisation followed by a [1,5] sigmatropic 
hydrogen shift to give 9-bromo-4-phenyl-1H-2,3-benzodiazepine (185) in 
good yield, as shown in Scheme 56. 
It was then hoped that authentic samples of the benzodiazepines 
could be prepared by another Heck reaction at the bromo group as shown 
in Scheme 57. 
Scheme 57 
Unfortunately attempted synthesis of (171) using the Heck 
methodology failed to give the desired product. This strategy was 
abandoned at this stage due to the problems associated with the 
formation of 2bromo-6-(E-2-phenyletheny1)toluene (180). 
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2.2) Wadsworth-Emmons route 
The next proposed synthesis utilised the Wadsworth-Emmons 
reaction (also known as the Wittig-Horner and the Horner-Emmons) 112 
This reaction is a modification of the standard Wittig wherein the ylide is 
prepared from a phosphonate instead of a phosphonium salt. This 
reaction has several advantages over the Wittig in that the phosphonate 
derived ylides are generally more reactive than those derived from 
phosphonium salts. Another advantage is that the phosphorus by-
product is a water soluble phosphate ester and as such is easily separated. 
from the olefinic product. Again it was hoped that the synthetic strategy 
adopted would allow synthesis of both the competitive systems and the 
"authentic" products via similar routes. 
The 	first 	strategy 	adopted 	was 	to 	prepare 	2- 
bromoisophthalaldehyde (190) either from the Etard oxidation 113  or by a 
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Experimental difficulties (a violent explosion), were encountered with the 
Etard oxidation and so it was decided to use a different strategy. Bromo-
,neta-xylene (189) was brominated at both methyl groups to give (191) 
which was converted to 2-bromoisophthalaldehyde (190) by reaction with 
the sodium salt of 2-nitropropane. 
The next step in this synthesis was the attempted mono-protection 
of one of the aldehyde moieties. Unfortunately this proved more difficult 
than expected, as did performing a Wadsworth-Emmons reaction at only 
one of the aldehyde groups (Scheme 59). 
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Scheme 59 
Attempted mono-protection of the aldehyde gave a mixture of unreacted 
starting material, mono- and di-protected material which proved difficult 
to separate. Attempts to selectively react (190) at only one aldehyde 
function in a Wadsworth-Emmons reaction gave an unacceptably low 
I..' 
yield of the desired product (193) and so this route was abandoned in 
favour of a stepwise approach. 
The strategy adopted required the synthesis of a key intermediate 
for both the competitive and "authentic" systems and the route to this 
intermediate is shown in Scheme 60. 
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The first step was the mono-bromination of 2-bromo-meta-xylene to 
give 2-bromo-3-methylbenzyl bromide. This reaction gave the product 
(194) in 54% yield after distillation but this was not too disappointing as 
unreacted (189) was easily recovered. The benzyl bromide (194) had to be 
handled with extreme care as it was very lachrymatory in nature. Again 
the benzyl bromide was converted into the aldehyde by reaction with the 
sodium salt of 2-nitropropane. The formation of the 2-bromo-3-
methylbenzaldehyde (195) occurred in virtually quantitative yield and 
required no further purification before use. 
2-Bromo-3-methylbenzaldehyde (195) was then reacted with 
diethyl benzylphosphonate using the conditions of Seus and Wilson 114  to 
give 2-bromo-3-methyl-(2-E-phenylethenyl)toluene (196). The reaction 
was tried using a range of other bases and solvents but the simpler 
sodium methoxide and DMF method resulted in the highest yield. One 
drawback of this method was that on HPLC analysis of the product it was 
found that the cis isomer was formed in almost equal yield to that of the 
trans, whereas other methods resulted in higher proportions of the trans 
isomer. This however, was not a major drawback as the cis isomer could 
be isomerised to the more thermodynamically stable trans isomer by 
heating with iodine. The overall yield from (195) to 2-bromo-3-methyl-(2-




The next step was the free radical bromination of (197) to give 2-
bromo-3-(E-2-phenylethenyl)benzyl bromide. This reaction occurred in 
the surprisingly low yield of 45%. This was unexpected when considered 



















The major by-product of this reaction was isolated in 17% yield and 
was found to 2-bromo-3-(1 ,2-dibromo-2-phenylethane)toluene (200). It 
was therefore attempted to increase the amount of product formed by 
reducing the amount of electrophilic addition of bromine to the double 
Me Me 
In an attempt to try to promote the free radical reaction, a tungsten lamp 
was used, as were increased amounts of benzoyl peroxide, but without 
success. Several other free radical initiators were also tried but again 
without success. The N-bromosuccinimide was also added in several 
smaller batches in an attempt to reduce the amount of bromine present at 
any time, but again this failed to increase the amount of the desired 
product (198). The last step in this stage of the synthesis was the 
conversion of the benzyl bromide to the aldehyde. This was again 
accomplished using the method of Hass and Bender 111  and gave 2-bromo-
3-(E-2-phenylethenyl)benzaldehyde (199) in excellent yield. 
At this stage the synthesis split into two distinct routes (i) towards 
the competitive system and (ii) towards the "authentic" compounds. 
These two syntheses shall be dealt with in separate sections. 
2.2.1) Competition Reactions 
(i) 	Model System 
As mentioned earlier, it was decided that, before any of the 
intramolecular competition reactions, a trial reaction would be attempted 
in which both olefinic bonds would have the same substituents. This 
would allow optimisation of the reaction conditions and would  show that 
the 1.7-electrocycisations of this type are feasible. It was vital to show 
that the electrocycisation in these systems could occur as otherwise the 
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The first step was another Wadsworth-Emmons reaction using the 
same reaction conditions as before. This reaction gave both the cis and 
trans products in the ratio of 2:3 respectively. The mixture was then 
isomerised, again by heating with iodine, to give the desired product (202) 
in an overall yield for the two steps of 84%. The bis-E-




via a metal-halogen exchange with n-butyffithium followed by reaction of 
the organometaffic intermediate with NN-dimethylformamide. 
The aldehyde was converted to the tosylhydrazone (204) by 
condensation with p-tosylhydrazine. The tosylhydrazone was then 
converted into the sodium salt by stirring with freshly prepared sodium 
ethoxide. The sodium salt was kept below 40 °C and in the dark to 
prevent any decomposition before thermolysis. A slight deficiency of base 
was used in the formation of the sodium salt as the initial products of 
these 1.7-electrocycisations e.g. (171) can undergo isomerisation from the 
1H- to the thermodynamically more stable 5H-isomer (206), as shown in 
Scheme 63. The primary product is also easily isomerised by daylight, 
Scheme 63, and so it is important to keep the 1H-benzodiazepine out of 
the light. 
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Scheme 63 
Initially the sodium salt (205) was heated at reflux in ethylene 
glycol dimethyl ether but this resulted in a mixture of several products, 
not just the hoped for benzodiazepine (171), as shown in Scheme 64. 
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Scheme 64 
Attempts to reduce the amount of carbene derived products involved 
decreasing the temperature used for the reaction and it was eventually 
found that the optimum temperature was 55 0C. When this temperature 
was used the yield of the 4phenyl-9-(E-2-phenylethenyl)4Th2,3 
benzodiazepine (171) increased to 95%. 
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Variable Temperature NMR studies 
The 'H NMR spectra of 1H-2,3-benzodiazepines show a 
characteristic pair of doublets corresponding to the methylene group. The 
magnitude of the coupling between the protons is typically about 9 Hz 
and there is a large difference in the chemical shift of these signals (ca. 3 
p.p.m.) 78 
The chemical shift and line shape of these absorptions Is 
temperature dependent due to the dynamic ring inversion of the seven-
membered ring between two possible boat-shaped conformations. At 
higher temperatures the rate of inversion increases and the doublet 
- signals corresponding to the methylene protons broaden, move together 
and eventually coalesce. The temperature at which this occurs is known 
as the coalescence temperature (Ta) and from this the free energy of 
activation for the ring inversion (AGt) can be calculated 115 
Figure 20 shows how the methylene signals for 1H-2,3-
benzodiazepine (208) broaden at elevated temperatures before coalescing 
into a single • peak. The coalescence temperature, in [2H8]-toluene  as 
solvent, was 60 OC (±20 °C) which gave a free energy (AGt) of 15 ±1 kcal 
moN 78 





On studying the 'H NMR of 4-phenyl-9-E.phenylethenYl-1H-2,3-
benzothazepine (171) it was noted that the two sets of doublets were very 
sharply defined at room temperature, in contrast to those of other 
systems studied 78 where the doublets were much broader. This 
suggested that the rate of ring inversion for (171) was slower than that 
for the simple 1H2,3-benzodiazePine (208). The separation of these 
signals (ca. 4 p.p.m.) is slightly larger than has be seen in previously 
examined systems 78, 81 but is of a similar magnitude. It is interesting to 
note that the coalescence temperature for 4-phenyl-1H-2,3-
benzodiazepine (209) was found to be 102 ±10 OC which gave a value of 
AGt of 72 ±2 kjmoF' 81. 
N 
(209) 
A variable temperature 'H NIVIR study of (171) showed the 
characteristic broadening of the methylene doublets on increasing the 
temperature. At 65 00 it can be seen that the previously well-defined 
doublets have almost coalesced into 2 distinct signals and that at 85 0C 
the signals have broadened dramatically. Instrumental limitations 
meant that the actual coalescence temperature of (171) could not be 
determined. At 105 00 the broad signals still had not coalesced into a 
92 
single peak, thereby strongly suggesting that the AGt for the ring 
inversion of (171) is appreciably higher than that of (209). This is most 
probably caused by the steric interaction of the phenylethenyl moiety 
with the methylene protons of the seven-membered ring during the ring 
inversion process. 
Ph H NN Ph 
H ' 
_.-.- 	(171) 
(ii) 	Phenyl vs para-Methorvyhenvl 
For the first competitive intramolecular competition reaction it was 
decided to compete a para-methoxyphenyl-substituted olefin against a 
phenyl-substituted olefin. This would require the synthesis of 
tosylhydrazone (210) as the precursor to the appropriate diazoalkane. 
Ts 
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The strategy adopted was that used in the synthesis of (204) with a 
few slight modifications in the conditions. The synthesis is summarised 
in Scheme 65. The first step was a Wadsworth-Emmons reaction 
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between 2-bromo-3-(E-2-phenylethenyl)benzaldehyde (199) and diethyl 
pqra-methoxybenzylphosphonate and gave a mixture of the cis and trans 
isomers. 
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Scheme 65 
Surprisingly the cis isomer was the major product formed, the 
cis:trans ratio being found to be 54:46 by HPLC. As mentioned 
previously, this was not a serious problem as the cis isomer could be 
easily converted to the trans by heating with iodine in an inert solvent. 
These two steps proceeded exceptionally well giving the desired product 
(212) in 95% overall yield. The benzaldehyde (213) was again prepared 
by the metal-haloen exchange reaction of n-butyllithium with the 
U61 I 
bromo-compound and subsequent reaction with DMF. This gave a 58% 
conversion to (213) which was then converted to the tosyihydrazone by 
acid-catalysed condensation with p-toluenesulphonylhydrazide in good 
yield. 
The tosyihydrazone (210) was converted to it's sodium salt (214) by 
reaction with sodium ethoxide and was then dried over phosphorus 
pentoxide, under high vacuum, prior to thermal decomposition. A 10% 
deficiency of base was again used to avoid isomerisation of the 1H-2,3-















The conditions used for the decomposition of the sodium salt of 2,6-
di-(E-2-phenylethenyl)benzaldehyde tosylhydrazone (205) were again 
used for the decomposition of (214). 
The thermal decomposition of (214) was carried out in several 
solvents. The yields of isomers (216) and (217) varied depending on the 
solvent but the product ratios remained constant as shown in Table 3. 
When DME was used as the solvent diazoalkane (215) almost exclusively 
underwent 1.7-electrOcycisation to give the two possible isomers (216) 
and (217) in excellent yield. The two isomers were inseparable by MPLC 
and dry flash chromatography and so the product ratios were determined 
by HPLC and NMR spectroscopy (both 'H and 'SC). The ratios of the 
isomers, (216) and (217), were determined by examination of the crude 
product in order to ensure that fractionation of the product mixture by 
crystallisation or chromatography did not occur. 
Table 3 











In each case the thermal decomposition was carried out at 55 0C to 
reduce the amount of possible side reactions. When cyclohexane and 
ME 
DMF were used as solvents, the yields of 1H-2,3-benzodiazepines (218) 
and (217) were seen to drop dramatically. On work up of the reaction it 
was found that cyclohexane as solvent inhibited the formation of 
diazoalkane (215) as a large amount of unreacted tosyihydrazone (210) 
was still present in the mixture. When DMF was used the result was a 
complex mixture of materials. 
The 1H and 13C NMR spectra of the crude mixture were too similar 
to allow assignment of the isomers. 
(iii) Phenyl vs Hydrogen 
The next competitive reaction to be undertaken was one in which 
the trans-phenyl substituted olefin was allowed to compete against an 
unsubstituted ethylene group. The synthetic strategy used to achieve 
this is detailed below. 
The first step in the synthesis was the Wittig reaction between 
(199) and methyltriphenylphosphonium bromide. The Wadsworth-
Emmons reaction could not be used in this synthesis as it requires the 
presence of a resonance-stabilising group (Ri in (219)) in the phosphonate. 
If R1 = H, alkyl or other nonstabilising groups then the treatment of the 
phosphonate forms carbanions which then react with carbonyl groups to 
give the conjugate acid of the betaine intermediate as opposed to the 
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Scheme 67 
The synthetic strategy is shown in Scheme 68. 
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Several bases and solvents were tried in an attempt to maximise 
the yield of (224) with the combination of n-butyllithium as base and 
tetrahydrofuran as solvent proving the most successful. The Wittig 
M. 
reaction gave the desired product (224) in 58% yield after 
chromatography. Attempts to purify 2-ethenyl-6-(E-2-phenylethenyl) 
bromobenzene by distillation failed, resulting in polymerisation to give a 
glass. The substituted styrene (224) had to be stored in a refrigerator 
and used promptly as it quickly decomposed at room temperature. 
Conversion to the aldehyde was again accomplished by use of n-
butyffithium and subsequent reaction of the organolithium intermediate 
with DMF. The aldehyde (225) was also easily polymerised by heat and 
so was stored in the refrigerator. 
The aldehyde was again converted, in good yield, to the 
tosylhydrazone (226) by the reaction with the tosyihydrazine. The 
sodium salt was again prepared by reaction of the tosylhydrazone with 
sodium ethoxide in a solution of ethanol. The sodium salt was dried 
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The product ratios were as usual measured from the crude reaction 
mixture by 'H NMR spectroscopy and HPLC. The two 1H-2,3-
benzodiazepines (229) and (230) were separated by dry flash 
chromatography and were unambiguously assigned by their 'H and 13C 
NIVIR spectra. The two spectra were easy to assign to their appropriate 
isomers by the presence or absence of the styryl protons ('H NMR) and 
the methylene carbon of the styryl group (DEPT 'C NMR). 
The sodium salt was decomposed in both DME and cyclohexane 
with no detectable difference on the ratios of the products, as shown 
below. The major by-products were not isolated but were thought to be 
either polymeric or carbene-derived in nature. 
Table 4 
Solvent 	 I Ratio of 229:230 I Total yield of 229 +230 
Ethylene Glycol 	4.8:1.0 	 75% 
Dimethyl Ether 
Cyclohexane 	5.1:1.0 	 57% 
Thus the presence of the phenyl substituent markedly reduces the 
reactivity of the alkene to 1.7-electrocycisation in this system. 
Phenyl vs Methyl 
The next competition reaction to be tried was that between the 
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(iv) NaOEt, EtOR 
Ts NH 
CH3 
would allow us to study the effect of a non-conjugating, electron-donating 
substituent. The overall synthesis used is shown in Scheme 70. 
(234) 	 (233) 
Scheme 70 
For the reasons described earlier a Wittig reaction was used in 
order to prepare the methyl-substituted double bond. The Wittig reaction 
between ethyltriphenylphosphonium bromide and (199) was attempted 
using several different conditions 116,117 in an attempt to optimise the 
overall yield and the proportion of the desired trans-product (see Table 5). 
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Table 5 
Solvent Base Cis:Trans Ratio Total Yielda 
THF KOBut 62:48 74% 
THF n-BuLi 5:95 84% 
THF aKOBut 58:42 63% 
DCM aK2CO3 26:74 37% 
DCM aKOBut 33:67 48% 
Benzene aq. NaOH 53:47 49% 
a Catalysed with 2% 18-Crown-6. 
The use of n-butyllithium as base and tetrahydrofuran as solvent proved 
to be remarkably successful in giving almost exclusive formation of the 
desired trans isomer (231). 
(231) 
was converted to the aldehyde (232) by use of n-butyffithium and DMF in 
a manner similar to the earlier cases and the tosylhydrazone (233) Was 
also prepared in the usual manner. 
The sodium salt of 2(E-2-pheny1ethenyl)-6-(E-2-rnethylethenyl) 
benzaldehyde tosylhydrazone (234) was formed in the usual manner and 
dried thoroughly prior to decomposition to the diazoalkane (235). The. 
decomposition of the sodium salt was carried out in different solvents but 
in each case the temperature was 50 OC  to reduce the amount of carbene 
formation. The diazoalkane could then undergo 1.7-electrocycisation to 
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(238) I , 
II 
Scheme 71 
The two isomeric products, (237) and (238), were separated by dry 
flash chromatography and subsequently identified.. This allowed the 
product ratios to be determined by 'H NMR spectroscopy and HPLC 
analysis of the crude reaction material. The results of this competitive 
electrocyclisation are summarised in Table 6 and show clearly how 
strongly favoured electrocycisation onto the methyl substituted olefin is. 
Table 6 
Solvent 	 Ratio (237):(238) 	Yield of (237)+(238) 
DME 	 11.0:1.0 	 95% 








(iv) Attempted Competition: Phenyl vs Pentafluorophenyl 
It was then hoped to carry out a competition reaction where the 
diazoalkane could undergo electrocycisation onto the standard phenyl 
substituted olefin or an electron withdrawing and conjugating group. 
Pentafluorophenyl was the moiety chosen and thus it was hoped to 
prepare the tosylhydrazone (239). 
It was envisaged that the pentafluorophenyl substituted olefin 
moiety could be added by a Wadsworth-Emmons reaction. This required 
the synthesis of the appropriate phosphonate ester (240) via the 
Michaelis-Arbuzov reaction 118,119 In this instance that required the 
reaction of pentafluorobenzyl bromide (241) with triethyl phosphite, as 
shown in Scheme 72. Pentafluorotoluene (242) was brominated to give 
(241) which was heated with triethyl phosphite to give (240) and ethyl 
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b so DMF 
NBS, Bz202, CC14, reflux, 70% yield 
P(OEt)a, 110 °C, 73% 
Scheme 72 
A Wadsworth-Emmons reaction using the phosphonate (240) and 
the aldehyde (199) was then carried out using the conditions of Seus and 
Wilson 114 This method failed to give the product in good yield. In order 
to better understand what was happening in this reaction it was decided 
to study a model system. 
The diethyl pentafluorobenzyl phosphonate was again used in a 
Wadsworth-Emmons reaction, using the Seus and Wilson conditions, but 
with benzaldehyde. On subsequent work-up and analysis of this reaction 
it was found that the major product was the compound (243). 
RI1 
-140 	 -145 	 -250 
PPM 	
-155 	 -160 
-155 	 -160 	 -165 	 -170 
PPM 
'F NMR spectra of (243) and (244) 
Figure 22 
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A different set of conditions were therefore needed for this 
Wadsworth-Emmons reaction. The choice of base was the important 
factor as sodium methoxide appeared to be undergoing nucleophilic 
substitution with one of the fluorines of the pentafluorophenyl ring. 
Sodium hydride was then chosen as the base to be used, with freshly 
distilled DME as solvent; these conditions worked well to give stilbene 
(244) in good yield. 
0 
II 
CH2 —P—(OEt) 2 CR0 
NaH 
F :r	





By examination of the 19F NMR spectra of (244) and (243), in Figure 22, it 
can be deduced that the methoxy was displacing the para-fluorine when 
sodium methoxide was used as base. The pentafluorophenyl ring was 
intact when sodium hydride was used as base in the reaction. 
These conditions were then used for the analogous reaction with 
benzaldehyde (199) and gave a cis and trans mixture (68% trans by 
HPLC) of the pentafluorostilbene. The mixture was converted to all trans 
by heating with iodine to convert the cis into the thermodynamically 
more stable trans isomer (Scheme 74). 
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The next step in the synthesis of the required tosyihydrazone (239) 
was the conversion of (245) into the corresponding aldehyde (246). It was 
expected that this could be easily accomplished using the same 
methodology as in the earlier syntheses. 









The conversion of an aryl bromide to the benzaldehyde had been 
accomplished in past examples using n-butyllithium and subsequent 
reaction with DMF. In this case however, (246) could not be prepared by 
this method. The reaction was tried (i) in different solvents; (ii) at a 
range of temperatures from - 110 0C to 25 °C; (iii) different formylating 
M. 
agents; (iv) different lengths of reaction time. The synthesis of (246) was 
also attempted via the Grignard reagent derived from compound (245) 
but again without success. The reaction either gave unreacted (245) or 
the hydrocarbon derived from it. This competition reaction was then 
abandoned due to the problems in preparing the aldehyde (246). 
(v) 	Attempted Competition: Phenyl vs Tri/luoromethvl 
The next attempted competition was to be between the phenyl-
substituted and the trifluoromethyl-substituted olefins. This would 
require either a Wadsworth-Emmons or a Wittig reaction to give the 
bromo-compound (247) which could then be converted into the 












The first stage of this sequence would require the synthesis of 
diethyl 2,2,2-trifluoroethanephosphoflate (249), in the case of the 
Wadsworth-Emmons reaction and 2, 2,2-trifluoroethyltriphenyl 
phosphonium bromide (250) for the Wittig reaction. The standard 
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(188) 
method of preparing phosphonate esters was made more difficult by the 
extremely low boiling point (26 °C) of 1,1,1-trifluoro-2-bromoethane (251). 
Several attempts to make the phosphonate by reacting triethyl phosphite 
and (251) in different solvents, different temperatures and in sealed 
pressure vessels all failed. Attempts to prepare the Wittig reagent (250) 
by reacting (251) with triphenylphosphine at different temperatures, 
solvents and in pressurised sealed vessels also all failed. 
Due to the problems associated with the synthesis of the required 
Wittig and Wadsworth-Emmons reagents and lack of time this 
competition reaction had to be abandoned. 
2.2.2) Synthesis of "authentic" 1H-2.,3-benzodiazenines 
As mentioned earlier, it was thought that a synthetic route to 9-(E-
2-alkenyl)-4-phenyl-1H-2,3-benzodiaZepines (188) would be necessary in 
order to allow unambiguous identification of certain products from the 
competition reactions. Several different strategies were attempted before 
a successful one was finally devised. These strategies shall be discussed 
in separate sections. 
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(iii) 
(254) (256) (255) 
(i) 	1,3-Dioxolane Strategy 
The first proposed route to the "authentic" benzodiazepines utilised 









Ph  IHOfl 
(253) 
Ethylene glycol, TsOH, toluene, reflux 
n.-BuLi, DMF, THF 
T5NIHNH2, H, EtOH 
Scheme 77 
This strategy is directed towards the synthesis of the benzodiazepine 
(256) which could then, via either a Wittig or Wadsworth-Emmons 
reaction, be converted into a range of 'authentic' benzodiazepines (188). 
This strategy demands that the acetal group will not be removed until 
after the formation of the benzodiazepine. The reason for this is that in 
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previous work within the group has shown that tosyihydrazones will 
readily react with neighbouring carbonyl groups 120.  It was hoped that 
the acetal in (225) could then be hydrolysed back to the aldehyde with 
mild acid which was not expected to affect the 1H-2,3-benzodiazepine 
ring. 
The first step in this strategy was the protection of the carbonyl 
group in (199) by conversion into a 1,3-dioxolane. This was accomplished 
by the acid catalysed reaction between (199) and ethylene glycol. The 
reaction is reversible but can be driven to completion by azeotropic 
distillation of water during the reaction. This was accomplished by use of 
a Dean-Stark trap and resulted in the product (252) being isolated in 89% 
yield. The formation of the aldehyde (253) from the aryl bromide was 
again accomplished by the reaction of n-buyffithium to give an 
organolithium intermediate, which was then reacted in situ with DMF to 
give 2(1.3dioxolan-2-yl)-6-(E-2-phenylethenyl)benZaldehyde 
The next stage of this synthesis was to be the condensation of (253) 
with p-tosylhydrazide. Normally this reaction would be carried out with 
acid catalysis but it was first tried without any acid present due to the 
acid-labile nature of the 1,3-dioxolane group, a strategy which has been 
effective in related systems. The reaction failed to give any of the desired 
product (254) without acid-catalysis. When the reaction, however, was 
subjected to heat, in an attempt to force the reaction, it resulted in a 
complex mixture from which no product could be isolated. 
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Para-toluenesulphonic acid was then used as a catalyst with the 
hope that it would not be too strong, leading to deprotection of the acetal 
moiety. This however was not successful as at low temperatures no 
reaction at all took place. At higher temperatures (ca. 60 °C) and after 
prolonged reaction times the reaction gave a complex mixture. A range of 
other acids, both dilute and concentrated, were also tried out as was 
varying the temperature and the reaction time but in no case was an 
appreciable amount of the desired product formed. This resulted in the 
abandonment of this route. 
(ii) 	1,3-Dithiolane Strategy 
The first strategy, utilising the 1,3-dioxolane protecting group, 
failed due to it's sensitivity to the acid needed to catalyse the formation of 
the required tosylhydrazone. It was hoped that this problem would be 
overcome by substituting the acid-stable 1,3-dithiolane group as 
protection for the carbonyl moiety. The 1,3-dithiolane group would be 
stable to the acid catalysis but would obviously need to be cleaved in a 












 n.-BuLi, DMF, THF 
 T5NHNH2, H, EtOH 
 NaOEt, EtOH 









Before embarking upon this route it was therefore necessary to 
find out whether the 1H-2,3-benzodiazepine ring in (257) would itself be 
stable to the conditions required to deprotect the thioacetal functionality. 
In order to check this a similar benzodiazepine as a model compound was 
prepared and subjected to the typical conditions used in 1,3-dithiolane 
deprotection. 
The 1H-2,3-benzodiazepine to be used in this trial deprotection was 
prepared as shown in Scheme 79. 
Ts 
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The benzaldehyde (258) was prepared by the reaction of DMF with 
the organolithium derived from 2-bromo-(E-2-phenylethenyl)toluene. 
Acid catalysed condensation of the aldehyde with p-tosylhydrazine gave 
the tosyhydrazone in excellent yield. The sodium salt was prepared in 
the standard manner and cycised by the usual method to give 9-methyl-
4-phenyl- 1H-2, 3-benzodiazepine (261). 
To check the stability of this benzodiazepine to the conditions 
needed to deprotect 1,3-dithiolanes it was decided to deprotect 2-phenyl-














The reaction used for the deprotection of the dithioacetal moiety required 
the use of aqueous mercury (II) perchlorate with solid calcium carbonate 
121• This method has the advantages of other methods using mercury 
oxide or lead dioxide and boron trifluoride, i.e. it is very fast, and of the 
method using mercury dichloride and calcium carbonate, i.e. it is very 
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mild. In the event this method of deprotection worked well and, 
importantly, 90% of the benzodiazepine (261) was recovered unchanged. 
It was also necessary to determine whether benzodiazepine ring in 
(256) would be stable to the conditions required for the Wadsworth-
Emmons reaction needed to prepare the authentic compounds (188). It 
was decided therefore to check this by carrying out a simple Wadsworth-

















The conditions used gave a good yield of stilbene and 29% of the 
benzodiazepine was recovered unchanged. While this is a relatively low 
recovery of (261) it is not yet optimised and should prove sufficient for 
synthesis of the small amounts of authentic samples needed. 
As the method of deprotection was deemed suitable this strategy 
was pursued further (Scheme 82). 
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Ph 	 Ph 
iCHO 	
Br 
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(199) 	 (263) 









(1) 	ethane-1,2-dithiol, BF3, DCM 
n,-BuLi, DMF, THF 
Scheme 82 
The protection of the carbonyl group in (199) as a 1,3-dithiolane 
proceeded well but the next stage in the synthesis failed to give the 
desired product. Spectroscopic data showed that the major product of the 
reaction was the hydrocarbon (264) derived from (263). It was thought 
that this problem could be overcome and so was the subject of more 
extensive study. 
In order to avoid the loss of the valuable (263) it was decided to use 







Br BF3, DCM 	Br n-BuLi, DMF, THF  




This simpler system did give some of the aldehyde (268) but also 
gave a large amount of the debrominated product (262). The 2-phenyl-
1,3-dithiolane was identified by comparison with an authentic sample. It 
has been well established that the methine proton of the dithiolane 
moiety is susceptible to abstraction by strong base and it seems likely 
that this is occurring, thereby reducing the yield of (268). The n-
butyllithium is not just simply acting as a base however, as the 
compound (267) is being de-brominated in the course of the reaction. A 
















If we assume that the 2-(2-bromophenyl)-1,3-dithiOlane undergoes 
fast metal-halogen exchange as normal with the n-butyllithium then the 
organolithium (269) is formed. If (269) then proceeds to react with the 
DMF it will result in the formation of the aldehyde (268). However it 
may also undergo a hydrogen transfer process to give (270) which would 
subsequently be protonated on work-up to give the product (262). If this 
was the case then it should be possible to favour the formation of 
compound (268) by altering the balance between the two reaction paths. 
Attempts to do this by varying the reaction temperature and the length of 
time between formation of the organolithium and addition of the DMF all 
failed to greatly alter the amount of aldehyde. 
The next attempt at increasing the yield of (268) involved 
deprotonation of the dithioacetal prior to reaction with the it-
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(ii) n-BuLi, THF, 78 cc 
(ii) 	DMF,-780°C 









The non-nucleophilic base, lithium bis-(trimethylsilyl)amide was 
used to abstract the methine proton from the dithiolane moiety to give 
the anion (271). The anion was then lithiated at the bromo-position with 
n-butyllithium to give the dianion (272) which was then reacted with 
DMF to give (273). The anion was then protonated on work-up to give 
the desired 2(obenza1dehyde)-1,3-dithiO1ane (268). This strategy was 
effective and gave the desired product in 71% yield. However when it 
was tried out on the real system (263), it did not work as well and gave 
the desired product (265) in only 11% yield. The major by-product was 
again (264) which was formed in 56% yield. The failure to synthesise 
(265) in acceptable yields led to the abandonment of this route. 
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(iii) 	Tert-butyldimethylsilvi ethers 
The next route to be attempted involved replacing the carbonyl 
functionality in (199) with an alcohol group. The authentic sample could 
then be prepared via protection of the alcohol (274) as the tefl-
butyldimethylsilyl ether (275), with subsequent conversion to 1H-2,3-
benzodiazepine (277) and deprotection. Oxidation of the alcohol to the 
aldehyde (256) would then give the precursor to the range of authentic 
benzodiazepines (188), as shown in Scheme 86. 
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This strategy would thus require the oxidation of (277) under conditions 














chosen used pyridinium chlorochromate (PCC) as it was hoped that this 
method would be suitably mild. 
In order to ensure that the PCC method would be suitable a trial 
reaction, oxidising benzyl alcohol to benzaldehyde in the presence of 
benzodiazepine (261), was carried out. This method gave a good yield of 
benzaldehyde and virtually all the benzodiazepine was recovered 
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Scheme 87 
This strategy required a convenient synthesis of the benzyl alcohol 
(274). It was initially thought that this compound could be easily 
prepared by the hydrolysis of the benzyl bromide (198). Several different 
sets of reaction conditions were used in an attempt to prepare (274) but 
none of these were successful. Of the many different conditions 






(198) 	 (274) 
Na2CO3, N(Bu)4Br, acetone 
NaOH, DCM, N(Bu)4Br, 
NaOH, DMF, 
NaOH, F3t011, acetone 
Scheme 88 
It was therefore decided that a more convenient route to (274) would be 
via the reduction of (199) with sodium borohydride (Scheme 89). 
Ph 	 Ph 
•
CHO NaBH4, EtOH/THF j CH20H  
(199) 	 (274) 
Scheme 89 
Although this approach involves an extra step, compared to preparing 
(274) from (198), this is not a major drawback as the conversion from 
(198) to (199) and subsequent reduction to (274) work in 94% and 92% 
respectively. It was noted that if a large excess (ca. 10 molar equivalents) 
of sodium borohydride was used then the aldehyde group was reduced to 
methyl (i.e. (199) was converted to (197)). 
The next step of the synthesis was the protection of the alcohol by 
conversion to the tert-butyldimethylsilyl ether. The conditions of Corey 
123 
(279) 
were used and resulted in a near quantitative conversion 122  to the silyl 
ether (275). The synthetic pathway is shown in Scheme 90 below. 
Ph 	 Ph 	 Ph - Br 	 CHO ' Br 
cL( 
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(274) 	 (275) 	 (278) 
TBDMSC1, imidazole, DMF 
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Problems were again encountered with the formylation following the 
metal-halogen exchange, which again gave the debrominated product 
(279). 
After several attempts to prepare the aldehyde (278), using different 




(iv) Alcohol/Dithiolane Strategy 
Alter the other attempts to find a route to the authentic 
benzodiazepines another synthesis was devised. This strategy borrowed 
from each of the other syntheses to some extent. The first stage of the 
strategy involved the synthesis of the tosylhydrazone (266) and is 
























HOCH2CH2OH, H, toluene, heat 
n-BuLi, DMF, THF 
NaBH4, EtOHITHF 
HSCH2CH2SH, BF3.Et20, DCM 
PCC, NaOAc; DCM 
T5NHNH2, H, EtOH 
Scheme 91 
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This route required the synthesis of the aldehyde (253) which had 
been prepared previously and consequently was easily available. This 
aldehyde was then reduced to the alcohol (280), in almost quantitative 
yield, by reaction with sodium borohydride. With the carbonyl function 
'masked' as an alcohol the dioxolane group could be converted to the 
dithiolane to give compound (281), again almost in quantitative yield. 
The benzyl alcohol was then oxidised to the benzaldehyde (265) with 
pyridinium chlorochrOmate. This reaction gave (265) in 54%, which was 
a slightly disappointing yield but not a major drawback when considered 
alongside the excellent yields of the two previous steps. Having found a 
practicable route to (265), the tosylhydrazone (266) was prepared by 
condensation with p-tosylhydrazide in the usual manner. 
The sodium salt (282) was prepared and cyclised in the usual way 
using DME as solvent, as in all previous decompositions DME had 
resulted in the highest yield of the desired 1H-2,3-benzodiazepines. The 
sodium salt (282) was heated for 4 h at 55 °C to generate the diazoalkane 
which subsequently gave the desired benzodiazepine (257) in excellent 
yield. 
This compound was then deprotected to give the benzaldehyde 
(256) in 53% yield. Due to lack of time and materials this reaction was 
only attempted twice and is thus not optimised. It is felt that further 
investigation of this reaction could substantially increase the yield of 
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(256) as the crude reaction product was observed to be almost entirely 





(266) 	 (282) 	 (257) 
4- - - 
(188) 	 (256) 
 NaOEt, EtOH 
 DME, heat 
 Hg(C104)2, aq. CaCO3, THF 
Scheme 92 
Lack of time and materials prevented the final step in this 
synthesis being attempted. This final step should not prove overly 
troublesome however, as work in a related system has shown (see Scheme 
81). 
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2.3) Electrocyclisations onto ester substituted olefinic groups 
As mentioned earlier it was hoped to study the electrocycic 
reactions of diazoalkanes (165) in which S was an ester substituent before 
studying competition reactions involving ester groups. 
QCH N 
(165) 
It was thus decided to investigate the thermal decomposition of the 





The first route utilised the Heck reaction 107  of methyl acrylate with ortho 
bromobenzaldehyde (see Scheme 93). 
CO2Me 	 CO2Me 
Br 
tn) INHTs CEO W 
 
(285) 
(i) 	P(o-tol)a, Pd(OAc)2, NaOAc, methyl acrylate, DMF 
T5NHNH2, H, EtOH 
Scheme 93 
WTV 
This reaction gave the desired product (284) in an impure state. All 
attempts to purify (284) failed and so it was then decided to use this 
impure material to make the corresponding tosylhydrazone (285). It was 
then hoped that the impurities could be removed at this stage but 
unfortunately this did not prove possible and so this route was 
abandoned. 
The next route again started with o-bromobenzaldehyde but used 
the Wadsworth-Emmons reaction and is detailed in Scheme 94. 




















(288) 0 ; 
ethylene glycol, H, toluene 
n-BuLi, DMF, THF 
(EtO)2P(0)CH2CO2Me, NaOMe, DMF 
H 
TsNHNH2, H, EtOH 
NaOEt, EtOH 
heat, DME 	 Scheme 94 
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The first step in this synthesis was the protection of the carbonyl 
function as. a 1,3-dioxolane. This was again accomplished by the 
condensation of the carbonyl with ethylene glycol to give the cyclic acetal 
(286) in 88% yield. A metal halogen exchange reaction between (286) and 
n-butyffithium followed by in situ reaction of the organometaffic 
intermediate with DMF gave the benzaldehyde (287) in good yield after 
chromatography. A Wadsworth-Emmons reaction, with sodium 
methoxide as base and DMF as solvent, between (287) and diethyl 
methylphosphonoacetate gave the aryl substituted methyl ester of the 
propenoic acid (288) in excellent yield. The product was formed 
exclusively as the trans isomer thus avoiding the need to isomerise. The 
dioxolane moiety was then removed by dilute acid wash to give (284) 
which was converted to the tosylhydrazone (285) in the standard manner. 
The conversion of (288) to (285) was achieved without the need for any 
chromatography which was vital as the methyl ester was readily 
hydrolysed to the corresponding acid. The sodium salt (283) was 
prepared by reaction of (285) with sodium ethoxide which was then 
decomposed by heating in DME. Analysis of the crude reaction mixture 
('H NMR and FAB) showed that some of the desired benzodiazepine (289) 
had been formed, though in a small amount. 
It was thought that perhaps the low yield of compound (289) was 
due to an alternate reaction of the sodium salt of the tosylhydrazone (283) 
before the diazoalkane was generated, e.g. an intramolecular Michael 
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addition to the adjacent activated double bond. In order to investigate 
this it was decided that to perform a 111 NMR experiment. Sodium 
methoxide was added to a NMR sample of (285) in d7-DMF and the 
formation of the sodium salt (283) was observed over a period of time. 
After 4 h the NMR sample was poured into aqueous ammonium chloride 
and the mixture was extracted with diethyl ether. The NMR spectrum of 
the product showed that only the tosyihydrazone (285) was present thus 
proving that the sodium salt (283) is stable at 25 °C. 
Purification was by wet flash chromatography with low activity 
neutral alumina. The problem with the purification of compound (289) 
was that even mildly acidic conditions would hydrolyse the methyl ester 
to the acid and that mildly basic conditions would isomerise the 1H-
benzodiazepine to the 5H-isomer. The desired 1H-2,3-benzodiazepine 
(289) was eventually isolated in only 6% yield. 
These results tend to suggest that either the generation of the 
diazoalkane or the 1.7-electrocycic process itself is somewhat different in 
this instance. This alongside the practical difficulties associated with the 
purification and handling of (289) tend to suggest that a competition 
reaction between phenyl-substituted and ester-substituted olefins would 
prove to be difficult and the results unreliable. 
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3) CONCLUSIONS 
The project required the synthesis of a convenient and versatile 
synthetic route to 2-(E-2-alkenyl)-6-(E-2-phenylethenyl)benzaldehyde 
tosylhydrazone systems. This was eventually achieved using a stepwise 
approach which enabled a range of differently substituted 
tosylhydrazones to be prepared. These tosylhydrazones were then 
subjected to base catalysed thermal decomposition to give the 
diazoalkanes which subsequently gave 1H-2,3-benzodiazepines. The 
conditions used for the decomposition of the sodium salts of the 
tosylhydrazones was milder than those used in the past. At the 
temperatures normally used to generate diazoalkanes these systems lost 
nitrogen very readily giving the corresponding carbenes. 
The product ratios of the two possible benzodiazepines were 
determined by HPLC and NMR spectroscopy. The strategy chosen 
required the development of a versatile route to 2-(E-2.alkenyl)-4-phenyl-
1H-2,3-benzodiazepines which could then be used as "authentic" samples 
to allow unambiguous identification of the products and thus determine 
the product ratio. The route to these benzodiazepines proved more 
difficult than expected though a route was developed which while not 
actually fully completed, seems to have surmounted all the difficult 
hurdles. 
The product ratios for the various competition reactions are shown 






S 167:168 Overall Yield 167 + 168 
p-Methoxyphenyl 1 . 0 : 1.1* 96% 
H 1.0:4.8 75% 
Me 1.0:11.0 95% 
product formed. 
In the competition reaction with S = p-methoxyphenyl there was 
very little difference in the relative reactivities of the two y,8 olefins to the 
1.7-electrocycisation. This is not unreasonable as the para methoxy 
moiety is far removed from the y,8 unsaturation. The competition 
reaction between the phenyl-substituted olefin and the simple olefin (i.e. 
*fin this case it was not possible to determine which was the major 
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Ph vs H) showed that the additional conjugation of the phenyl ring 
significantly reduced the reactivity of the system towards the 1.7-
electrocycisation of the diazoalkane. This was again shown in the case 
where S= Me, where the electron donating methyl group significantly 
increased the reactivity of the olefin to 1.7-electrocycisation. 
Attempts to rationalise these results are frustrated by the lack of 
data. In the two instances to prepare systems with electron withdrawing 
groups (S= pentafluorophenyl and S= trifluoromethyl) synthetic problems 
proved insurmountable in the time available. It was also shown that 
ester substituted olefinic systems either did not undergo 1.7-
electrocycisation as expected or that the products from such a process 
were themselves not stable. This precludes using such systems in a 
competition reaction. 
It would be hoped in the future to perform more competition 
reactions utilising the work recorded here or some modification thereof in 
order to gain more data to help rationalise the 1.7-electrocycisations of 
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SYNTHESIS OF MATERIALS FOR INTRAMOLECULAR 150 
COMPETITION REACTIONS, 
1) Via palladium catalysed vinylic substitution of 	150 
aryl halides. 
2-Bromo-6-nitrotoluene (177) 	 150 
Attempted synthesis of 3-bromo-2-methylaniline (178) by 	151 







2-Bromo-6-(E-2-phenylethenyl)toluene (180) 	 153 
2-Bromo-6-(E-2-phenylethenyl)benzyl bromide (181) 	154 
2-Bromo-6-(E-2-phenylethenyl)benzaldehyde (182) 	155 
2-Bromo.6.(E.2-phenylethenyl)benzaldehyde 	 156 
tosylhydrazone (183) 
Sodium salt of 2-Bromo-6-(E-2-phenylethenyl)benzaldehyde 157 
tosyihydrazone (184) 
9-Bromo-4-phenyl-1H-2,3-benzodiazepine (185) 	 157 
Attempted synthesis of 4-phenyl.9-(E-2-phenylethenyl)- 	158 
1H-2,3-benzodiazepine (171) 
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2) Via Wadsworth-Emmons reactions 	 159 
First route atttempted 
Attempted synthesis of 2-bromo-isophthalaldehyde (190) 	159 
from (189) 
2-Bromo-3-bromomethylbenzyl bromide (191) 	 160 
2-Bromo-isophthalaldehyde (190) 	 160 
Attempted synthesis of 2-bromo-3-(1-3-clioxolan-2-yl) 	161 
benzaldehyde (192) 
Synthesis of cis and trans 2-bromo-3-(2-phenylethenyl) 	162 
benzaldehyde (193) 
Synthesis of starting materials .162 
2-Bromo-3-methylbenzyl bromide (194) 162 
2-Bromo-3-methylbenzaldehyde (195) 163 
2-Bromo-3-(E-2-phenylethenyl)toluene (197) 164 
2-Bromo-3-(E-2-phenylethenyl)benzyl bromide (198) 166 
2Bromo-3-(E-2-phenylethenyl)benZaldehyde (199) 167 
Synthesis of materials for competition reactions "Phenyl Vs R"168 
R =Phenyl 168 
2, 6Bis-(E.2-phenylethenyl)bromobenzefle (202) 168 
2, 6Bis..(E-2-phenylethenyl)benZa1dehyde (203) 169 
2, 6Bis (E-2-phenylethenyl)benza1dehyde tosylhydrazone 170 
(204) 
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Sodium salt of 2, 6-bis-(E-2-phenylethenyl)benzaldehyde 	171 
tosylhydrazone (205) 
Thermal decomposition of sodium salt of 2,6-his- 	 172 









beuzaldehyde tosyihydrazone (210) 
Sodium salt of 2--2-para-methoxyphenylethenyl)-6- 	177 
(E-2-phenylethenyl)benzaldehyde tosylhydrazone (214) 
Thermal decomposition of the sodium salt of 2- 	 178 
(E-2-para-methoxyphenylethenyl)-6-(E-2-pherlYlethe nyl) 
benzaldehyde tosylhydrazone (214) 
R =Hvdroaen 
	 179 
2(E2-PhenylethenyI)-6-ethenylbromobenZefle (224) 	179 
2(E2Phenylethenyl)-6-ethenylbenzaldehYde (225) 	180 
2-(E-2-Phenylethenyl)-6-ethellylbeflzaldehyde 	 182 
tosylhydrazone (226) 
Sodium salt of 2-(E-2-phenylethenyl)-6-ethenylbenzaldehyde 183 
tosylhydrazone (227) 
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2(E-2-Phenyletheny1)-6-(E-2-methylethenyl) 	 185 
bromobenzene(23 1) 




Sodium salt of 2-(E-2-phenylethenyl)-6-(E-2-methyletheflYl) 188 
benzaldehyde tosyihydrazone (234) 
Thermal decomposition of the sodium salt of 	 189 
2(E2phenylethenyl)-6-(E-2-methYlethenYl)beflZaldehYde 




Pentafluorobenzyl bromide (241) 
	
ItsIl] 
Diethyl pentafluorobenzylphosphonate (240) 	 191 
Attempted synthesis of 2-(E-2-pentafluorophenylethenYl)-6- 192 
(E-2-phenylethenyl)bromobenzene (245) 
(via DMF/sodium methoxide) 
Model studies on Wadsworth-Emmons reaction of diethyl 	193 
pentafluorophosphonate 
Via sodium methoxidel DMF method 	 193 
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Via sodium hydride! DME method 	 194 
2(E2PentafluorophenyIetheny1)-6-(E-2-pheflY1etheflYl) 	195 
bromobenzene (245) 
Attempted synthesis/synthesis of 2-(E-2-pentafluorophenyl 196 
ethenyl)-6.(E-2-phenylethenyl)benzaldehYde (246) 
Attempted synthesis of diethyl 2,2,2-trifluoroethane 	197 
phosphonate (249) 
Attempted synthesis of 2,2,2-trifluoroethyltriphenyl 	198 
phosphonium bromide (250) 
D. SYNTHESIS OF "AUTHENTIC" SAMPLES OF 	198 
BENZODIAZEPINES 
Via 1,3-dioxolanes 
2-(2-Brorno-3-(E-2-phenylethenyl)phenyl- 1,3-dioxolane 	198 
(252) 
2(13dioxo1an-2 y1)-6-(E-2-pheny1ethefly1)beflZa1dehyde (253) 199 
Attempted synthesis of 2-(1-3-dioxolan-2-yl)-6- 	 201 
(E-2-phenylethenyl)benzaldehyde tosyihydrazone (254) 
Via 1. 3-dithiolanes 
	 201 
2-(2-Bromo-3-(E-2-phenylethenyl)pheflyl-1, 3-dithiolane (263) 201 
Attempted synthesis of 2-(1-3-dithiolan-2-yl)-6- 	 202 
(E-2pheny1etheny1)benza1dehyde (265) 





2-(2-Bromophenyl)- 1,3-dithiolane (267) 	 204 
2-(1-3-dithiolan-2-yl)benzaldehyde (268) 	 204 
(via n-BuLi/DMF) 
2-(1-3-dithiolan-2-yl)benzaldehyde (268) 	 205 
(via lithium bis-(trimethylsilyl)amide method) 
Attempted synthesis of 2-(1-3-dithiolan-2-yl)-6- 	 206 
(E-2-phenylethenyl)benzaldehyde (265) 
(via lithium bis-(trimethylsilyl)amide method) 
Via tert-butyldimethylsilyl ethers 
	
207 
Attempted synthesis of 2-bromo-3-(E-2-phenylethenyl) 	208 
benzyl alcohol (274) from (198) 
2-Bromo-3-(E-2-phenylethenyl)benzyl alcohol (274) 	208 
2-Bromo-3-(E-2-phenylethenyl)benzyl-tert-butyl-dimethyl 	209 
silyl ether (275) 
Attempted synthesis of2- (tert-butyldimethylsilyloxymethyl) 210 
-6-(E-2-phenylethenyl)benzaldehyde (278) 
Via alcohol /protecting statev 
	 211 
2-(1-3-dioxolan-2-yl)-6-(E-2-phenylethenyl)benzyl alcohol (280) 211 
2- [(2-Hydroxymethyl)-3-(E-2-phenyiethenyl)]phenyl- 1,3- 	212 
dithiolane (281) 




Sodium salt of 2-(1-3-dithiolan-2-yl)-6-(E-2-phenylethenyl) 215 
benzaldehyde tosyihydrazone (282). 
9-(1-3-dithiolan-2-yl)-4-phenyl-1H-2,3-benzOdiaZePine 	216 
(257). 
9-(Formyl)-4-phenyl- 1H-2, 3-benzodiazepine (256) 	217 
E. SYNTHESIS OF 9.METHYL-4-PHENYL-1H-2,3 	217 
BENZODIAZEPINE AND MODEL REACTIONS 
6-Methyl-2-(E-2-phenylethenyl)benzaldehyde (258) 	218 
6-Methyl-2-(E-2-phenylethenyl)beflzaldehYde tosyihydrazone 219 
(259) 
Sodium salt of 6-methyl-2-(E-2-phenylethenyl)benzaldehyde 220 
tosylhydrazone (260) 
9-Methyl-4-phenyl- 1H-2, 3-benzodiazepine (261) 	 220 
Stability of (261) to conditions required for the oxidation of 221 
benzyl alcohol 
Stability of (261) to Wadsworth-Emmons conditions required 222 
for synthesis of "authentic" samples 
Stability of (261) to conditions required to deprotect 	222 
1,3-dithiolanes 
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F. ATTEMPTED CYCLISATIONS OF DIAZOALKANE 223 
GENERATED FROM TRANS METHYL-(2-BENZALDEHYDE 
TOSYLHYDRAZONE) PROPENOATE (285) 
Attempted synthesis of methyl 3-(2-formylphenyl) 223 
propenoate(284) from o-bromobenzaldehyde 
2-(2-Bromobenzene)- 1,3dioxolane (286) 224 
2-(1-3-dioxolan-2-yl)benzaldehyde(287) 224 
Methyl E-[3-(2-(1-3-di6xolan-2-yl)phenyl) propenoate] (288) 225 
Methyl E-3-(2-formylphenyl)propenoate (284) 226 
Methyl E- 3-(2-formylphenyl tosylhydrazone)propenoate 227 
(285) 
Sodium salt of methyl E 3-(2-formylphenyl 228 
tosylhydrazone) propenoate (283) 
Thermal decomposition of the sodium salt derived from 229 
methyl E 3-(2-formylphenyl tosylhydrazone) propenoate (283) 
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A. 	SYMBOLS AND ABBREVIATIONS 
NMR nuclear magnetic resonance 
Hz hertz 
MHz megahertz 
S chemical shift 
p.p.m. parts per million 










v 	 wave numbers 
El 	 electron ionisation mass spectrometry 
FAB 	 fast. atom bombardment mass 
spectrometry 
m /z 	 mass to charge ratio 
mass of molecular ion 
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TLC thin layer chromatography 
HPLC high pressure liquid chromatography 









mp melting point 
dec. decomposed on heating 
bp boiling point 
h hours 
min minutes 
p.s.i. pounds per square inch 
atm atmospheres 
'nil 
B. INSTRUMENTATION AND GENERAL TECHNIQUES 
NUCLEAR MAGENTIC RESONANCE SPECTROSCOPY 
'H NMR spectra were recorded either at 250.133 MHz on a Bruker 
AC250 (250 MHz), at 200.13 MHz on a Bruker WP200 (200 MHz) or at 
80.13 MHz on a Bruker WP8O (80 MHz) spectrometer. Routine 
continuous wave spectra were obtained on a Joel PMX 60S1 (60 MHz) 
instrument. ' 3C NMR spectra were recorded at 62.900 MHz on the 
Bruker AC250 (63 MHz) or at 50.320 MHz on the Bruker WP200 (50 
MHz) instruments, unless otherwise stated. 19F NMR spectra were 
recorded at 235.360 MHz (235 MHz), and 31 P NMR at 101.256 (101 MHz) 
on the Bruker AC250 spectrometer. 
Carbon multiplicity was established by distortionless enhancement by 
polarisation transfer (DEPT). 	Spectra were recorded in 
deuteriochloroform, unless otherwise stated; chemical shifts (8H' 8c, 3F' 
are quoted in parts per million, relative to tetramethylsilane, and 
coupling constants (J) are quoted in Hz. Standard 200 and 250 MHz 'H 
spectra have an accuracy of 0.3 Hz per point and are quoted as recorded. 
Standard 50 and 63 MHz 13C spectra have an accuracy of 0.5 Hz per point 
and are quoted as recorded. 
The AC250 was operated by Mr. J.R.A. Millar, the WP200 by Mr. J.R.A. 
Millar, Mr. W. Kerr and Miss H. Grant, the WP80 by Miss H. Grant and 
the WH360 by Dr. D. Reed. 
MASS SPECTROSCOPY 
Low resolution electron impact mass spectra were recorded at 70 eV by 
Miss E. Stevenson on an A.E.I. MS902 instrument. High resolution and 
FAB mass spectra were recorded by Mr. A. Taylor on a Kratos MS50TC 
instrument. FAB spectra were run as mulls in glycerol or thioglycerol 
unless otherwise stated. 
ELEMENTAL ANALYSIS 
Microanalyses were obtained by Mrs. L. Eades on a Perkin Elmer 240 
CHN Elemental Analyser. 
X-RAY CRYSTALLOGRAPHY 
X-ray crystallographic data were obtained and refined by Dr. A.J. Blake 
on a Stoë STADI-4 four circle diffractometer with graphite 
monochromator. 
INFRA-RED SPECTROSCOPY 
Liquid samples were examined as thin films and solid samples as nujol 
mulls on sodium chloride plates using a Bio-Rad FTS-7 spectrometer. 
WIN 
CHROMATOGRAPHY 
Thin-layer chromatography was carried out on pre-coated aluminium 
sheets (0.2 mm silica gel, Merck, grade 60) impregnated with a UV 
fluorescent indicator, or on pre-coated aluminium sheets (0.2 mm 
aluminium oxide, neutral (Type E), Merck, grade 60) impregnated with a 
UV fluorescent indicator. Components in the developed chromatograms 
were detected by their quenching of fluorescence under ultra-violet light. 
Dry flash chromatography was carried out on silica gel (Fluka, Kieselgel 
GF254; for thin layer chromatography) using the method of Harwood 123 
Wet flash column chromatography was carried out on either silica gel 
(Merck, grade 60, 230-400 mesh, 60 A) or alumina (Aldrich, activated, 
neutral, Brockmann grade 1) using the method of Still 124 
SOLVENTS 
Tetrahydrofuran was distilled from sodium benzophenone ketal as 
required. HPLC grade hexane and ethyl acetate were used without 
further purification. Ether was generally dried by storage over sodium 
wire; when necessary it was dried further by distillation from sodium 
benzophenone ketal. Cyclohexane, ethylene glycol dimethyl ether and 
N,N-dimethylformamide were distilled from calcium hydride as required. 
'Super-dry' ethanol and methanol were prepared as described in Vogel 125 
and were stored over molecular sieve (4 A). All other dry solvents were 
obtained by storing over molecular sieve (4 A). 
MELTING POINTS 
Melting points were determined using a Gallenkamp melting-point 
apparatus and are uncorrected. 
HIGH-PRESSURE LIQUID CHROMATOGRAPHY 
Analytical chromatograms were obtained using a solvent metering pump 
(model 110A) and sample injection valve (model 210) supplied by Altex 
Scientific Inc. A variable wavelength ultraviolet monitor (CE212) 
supplied by Cecil Instruments was used as the peak detector at a 
wavelength of 254 run. The peaks were measured with a Pye Unicam 
CDP integrator. 
Pre-packed HPLC columns supplied by "HPLC technology" were used 
throughout. AIphas115SILICA packed in a 250 x 4.6 mm column was 
used for normal phase with Alphasil50DS packed in a 250 x 4.6 mm 
column for reverse phase. Normal phase was used unless otherwise 
stated. Standard HPLC grade solvents 	were used 	throughout. 
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C. SYTHESIS OF MATERIALS FOR INTRAMOLECULAR 
COMPETITION REACTIONS 
1) Via palladium cataysed vinylic substitution of aryl halides 
2-BROMO-6-NITROTOLUENE (177) 
This was prepared by the method of Harrington and Hegedus 10 A 
solution of 2-methyl-3-nitroaniline (18.26 g, 0.12 moles) in water (150 
cm3) was heated to reflux. Hydrobromic acid (48% aqueous solution, 62 
cm3) was added and the mixture maintained at reflux for 20 min and then 
cooled to 0 OC. Sodium nitrite (8.26 g, 0.12 mol) in water (45 cm 3) was 
then added with rapid stirring. The resultant diazonium salt solution 
was stirred for a further 15 min and then added slowly while cold to a 
rapidly stirred solution of copper (I) bromide (20.20 g, 0.14 mol) in 
hydrobroniic acid (48% aqueous solution, 40 cm 3) and water (100 cm 3). 
This suspension was stirred mechanically for 20 min and then heated on 
a steam bath for 20 mm. The mixture was allowed to cool to room 
temperature and left to stand overnight. Steam distillation gave 6-
bromo-2-nitrotoluene as a pale yellow crystalline solid. (21.80 g, 84%). mp 
39-41 OC (hexane) lit.,"° 42 OC; Vmax (Nujol)/cm' 3414.9, 1533.4 (NO2); 8H 
(200 MHz, CDC13) 2.54 (3 H, s, Me), 7.16-7.28 (1 H, m, aromatic), 7.72-
7.82 (2 H, m, aromatic); 3c (50 MHz, CDC13) 19.2 (CH3), 123.0 (CH), 127.0 
(quat. CBr ), 127.3 (CH), 132.2 (quat. CMe), 136.4 (CH), 151.2 (quat. 
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CN02); m/z (El) 217(M, 9%), 215(Mt 11), 200(29), 198(30), 119(10), 
91(27), 90 (100), 89(68), 78(28), 77(19). 
ATTEMPTED SYNTHESIS OF 3-BROMO-2-METHYLANILINE 
(178) 
A solution of 2-bromo-6-nitrotoluene (5.40 g, 25.0 mmol) in ethanol (100 
cm3) was hydrogenated using palladium on charcoal catalyst (10% Pd/C, 
0.27 g) under 35 p.s.i. of hydrogen overnight. The mixture was passed 
through a pad of celite and the ethanol was removed in vacuo to give a 
brown oil. Kugelrohr distillation gave the product as a clear oil which 
was subsequently characterised as 2-methylaniline. 
3-BROMO-2-METHYLANILINE (178) 
6-Bromo-2-nitrotoluene (2.00g, 9.26 mmol) was added to a rapidly stirred 
solution of tin (II) chloride (6.25g, 27.78 mmol) in concentrated 
hydrochloric acid (10 cm 3). The mixture was heated to 65 °C whereupon 
the temperature began to rise due to the exothermic nature of the 
reaction. The reaction was maintained at between 60 0  and 90 °C and was 
monitored by TLC (silica, 10% ethyl acetate in hexane). After 30 min the 
reaction subsided and the mixture was then allowed to cool to room 
temperature. 
Water (100 cm 3) and then sodium hydroxide pellets were added until the 
solution was alkaline to litmus. The thick white suspension so formed 
was continuously extracted using DCM (120 cm 3) for 48 h. After 
extraction the DCM solution was washed with water (2 x 20 cm 3), dried 
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over magnesium sulphate, filtered, and the solvent was then removed in 
vacuo to give a brown oil. Purification by Kugelrohr distillation gave the 
product as a clear golden oil (1.43 g, 83%). bp 50 °C (oven temp)/0.04 
mmHg, lit., 126 253-255 00; Vmax (film)/cm' 3470.8, 3384.6, 1620.7 (NIH2); 
oH (80 MHz, CDC13) 2.26 (3 H, s, Me), 3.56 (2 H, br.s, NH2), 6.49-7.25 (3 
H, m, aromatic), Sc (50 MHz, CDC13) 16.6 (OH3), 113.8 (OH), 122.5 (OH), 
122.9 (quat. CMe), 125.6 (quat. CBr), 127.4 (OH), 145.6 (quat. CNH2); 
m/z (El) 187(M, 98%), 186(29), 185 (Mt 100), 184(22), 106(83), 104(19), 
90(12), 89(16). 
6BROMO-2-IODOTOLIJENTE (179) 
To 3-bromo-2-methylaniline (2.00 g, 10.75 mmol) was added concentrated 
hydrochloric acid (35% wlv, 6 cm3, 60 mmol) and the resultant solution 
was then cooled down to 0 °C. Sodium nitrite (1.04 g, 15.10 mmol) 
dissolved in water (5 cm3) was then added slowly with stirring. The 
reaction was stirred at 0 00 for a further 45 mm. A solution of potassium 
iodide (2.32 g, 13.98 mmol) in water (5 cm 3) was then added slowly while 
stirring mechanically. After 1 h the reaction was allowed to warm to 
room temperature and the dark red solution was left stirring overnight. 
The reaction was extracted with DOM (2 x 35 cm 3) and the combined 
organic fractions were then washed with sodium metabisulphite solution 
(10% w/v, 2 x 10cm 3), and then water (2 x 10 cm 3). The organic layers 
were then dried with magnesium sulphate, filtered, and the solvent was 
removed in vacuo to give a dark red oil. Dry flash chromatography 
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(silica, hexane), gave the product as a clear yellow oil (2.54 g, 80%). bp 60 
00 (oven temp) /0.04 mmHg, lit., 127 135-140 OC/15 mmHg; oH (80 MHz, 
CDC13) 2.64 (3 H, s, Me), 6.57-6.68 (1 H, m, aromatic), 7.45-7.82 (2 H, m, 
aromatic); Oc (50 MHz, CDC13) 29.2 (CH3), 101.2 (quat. CI), 123.6 (quat. 
CBr), 128.5 (CH), 132.7 (CH), 138.4 (OH), 140.1 (quat., CCH3); m/z (El) 
298(M4, 67%), 296(M, 76), 280(14), 171(49), 169(54), 167(20), 166(47), 
165(28), 105(54), 89(100).. 
(180) 
In this 'selective Heck' reaction 110 styrene (2.52 g, 22.48 mmol) was 
added to a solution of 6-bromo-2-iodotoluene (1.50 g, 5.62 mmol) and 
palladium (II) acetate (0.126 g, 10% catalyst) in triethylamine (15 cm 3) in 
a sealed tube. The tube was evacuated, sealed and heated with stirring 
to 135 OC. The reaction was monitored by 'H NMR and after 5 days had 
almost gone to completion. The reaction mixture was dissolved in 
methylene chloride (100 cm 3) and was then acidified with dilute 
hydrochloric acid. The organic layer was separated, washed with water, 
dried with magnesium sulphate and passed through a bed of celite. The 
solvent was then removed in vacuo to give an extremely viscous brown 
oil. This oil was subsequently redissolved in the minimum amount of 
DCM. This concentrated solution was then dripped slowly into rapidly 
stirring cold methanol (100 cm 3) to precipitate the polystyrene formed 
during the reaction. The solution was filtered and the methanol removed 
in vacuo to give the crude product as a brown solid. Purification was by 
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dry flash chromatography (silica, 100% hexane) to give the product as a 
white crystalline solid (0.72 g, 52%). mp 41-42 °C (pentane) (Found: C, 
66.0; II, 5.0. C15H13Br requires C, 65.9; H, 4.8%); SH (200 MHz, CDC13) 
2.55 (3 H, s, Me), 6.96 (1 H, d, V 16.1 Hz, olefinic), 7.04-7.57 (8 H, m, 
aromatic), 7.41 (1 H, d, 3J 16.1 Hz, olefinic); Sc (50 MHz, CDC13) 19.4 
(CH3), 125.0 (CH), 125.9 (quat.), 126.5 (2 x CH), 126.7 (CH), 127.0 (CH), 
127.8 (CH), 128.6 (2 x CH), 131.5 (CH), 131.6 (CH), 135.5 (quat.), 137.0 
(quat.) 138.8 (quat.); rnlz (El) 274(M, 91%), 272(M1 89), 192(31), 
178(100), 115(45); Found: 272.0201. C15H13 79Br requires M 272.0201. 
2BROMO64E2PHENYLETHENYL)BENZYL BROMIDE (181) 
A mixture of 2bromo-6-(E-2-phenylethenyl)toluene (180) (1.35 g, 4.04 
mmol), N-bromosuccinimide (0.87 g, 4.87 mmol) and dry benzoyl peroxide 
(21 mg, 10% initiator) in carbon tetrachloride (10 cm 3) was heated at 
reflux under nitrogen. The reaction was followed by TLC (silica, hexane) 
and after 3 h it had gone to completion. The reaction was allowed to cool 
to room temperature and the succinimide formed was filtered off. The. 
solvent was removed in vacüo and DCM (50 cm3) was added. The organic 
solution was washed with sodium carbonate solution (5% w/v, 2 x 20 cm 3) 
and then water (3 x 15 cm 3). The organic layer was dried with 
magnesium sulphate, filtered and the solvent removed in vacuo to give a 
brown oil. Purification was by wet flash chromatography (silica, hexane) 
and gave the product as a white solid (1.32 g, 76%). mp 71-72 OC 
(pentane) (Found: C. 50.9; H 3.5. C15H12Br2 requires C 51.2; H 3.4%); SH 
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(200 MHz, CDC13) 4.80 (2 H, s, CH2Br), 7.06 (1 H, d, 3J  16.0 Hz, olefinic), 
7.12- 7.63 (8 H, m, aromatic), 7.44 (1 H, d, 3J  16.0 Hz, olefinic); Sc (50 
MHz, ODd3) 31.2 (0112), 124.7 (OH), 125.7 (quat.), 125.8 (CH), 126.8 (2 x 
CH), 128.2 (CH), 128.7 (2 x OH), 129.9 (OH), 132.1 (CH), 133.1 (CH), 
133.7 (quat.), 136.5 (quat.), 139.5 (quat.); m/z (El) 354(M, 52%), 352(IVP, 
100), 350(M, 48), 324(24), 290(22), 273(70), 271(73), 262(82), 245(30), 
226(27); Found: 352.9535. C15H13 79Br81Br requires M 352.9536. 
(182) 
This reaction was carried out using the methodology of Hass and Bender 
111• Sodium metal (0.26 g) was dissolved in 'super-dry' ethanol (30 cm 3) 
under nitrogen and the sodium ethoxide thus prepared was then added to 
a solution of 2-nitropropane (1.00 g, 11.2 mmol) in 'super dry' ethanol (50 
cm3). After stirring under nitrogen for 1 h it was added, using a double-
tipped needle, to 2b romo-6-(E-2-pheny1ethenyl)benzylbrOmide (181) (3.00 
g, 8.52 mmol) in 'super-dry' ethanol (80 cm 3). This reaction mixture was 
stirred at room temperature, under nitrogen, and was monitored by TLC 
(silica, hexane). After 48 h all of the starting material had been 
consumed, and a precipitate of sodium bromide could be clearly seen. The 
ethanol was removed in vacuo and then DCM (100 cm 3) was added to 
dissolve the organic material present. The organic solution was washed 
with aqueous sodium hydroxide solution (10% w/v, 50 cm 3) and then 
water (2 x 50 cm 3). The organic layer was dried with magnesium 
sulphate, filtered and the solvent was removed in vacuo to give a yellow 
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solid. Recrystallisation from hexane gave the product as a white solid 
(2.45 g, 97%). mp 62- 63 00 (hexane) (Found: C, 62.8; H 4.0. C15H11BrO 
requires C, 62.7; H 3.9%); Vmax (Nujol)/cm' 1683.2 (CO); 8H (360 MHz, 
CDC13) 7.01 (1 H, d, V 16.2Hz, olefinic), 7.25- 7.67 (8 H, m, aromatic), 
7.90 (1 H, d, 3J  16.2 Hz, olefinic), 10.55 (1 H, s, CHO); 8c (50 MHz, CDC13) 
125.7 (CH), 126.6 (OH), 126.9 (2 x OH), 127.9 (quat.), 128.2 (OH), 128.6 (2 
x OH), 130.5 (quat.), 132.6 (OH), 133.4 (OH), 133.7 (OH), 136.7 (quat.), 
141.2 (quat.), 194.2 (CHO); m/z (FAB, thioglycerol) 289(IVP+1, 98%), 
287(M+1, 100), 273(22), 271(41), 269(24); Found: 287.0072. C15H12 79BrO 
requires (M + 1) 287.0072. 
2BROMO6(E2-.PHENYLETHENYL)BENZALDEHYDE 
TOSYLHYDRAZONE (183) 
2-Bromo-6-(E-2-phenylethenyl)benzaldehyde (182) (0.40 g, 1.40 mmol) 
was dissolved in 'super-dry' ethanol (20 cm 3) and heated to 40 00.  p-
Tosylhydrazide (0.26 g, 1.40 mmol) was also dissolved in 'super-dry' 
ethanol (15 cm 3) and heated to 40 OC The two solutions were then mixed 
and a drop of concentrated hydrochloric acid was added. The solution 
was maintained at 40 00 and stirred, under nitrogen, in the dark. The 
reaction was monitored by TLC (silica, 5% ethyl acetate in hexane) and 
after 3 h all the starting material had been consumed. The ethanol was 
removed in vacuo and on recrystallisation from ethanol gave the product 
as a light brown crystalline solid (0.32 g, 50%); mp 124-126 00 (ethanol) 
(Found: C, 57.7; H, 4.6; N 6.5. C22H19BrN202S requires C, 58.0; H, 4.2; N 
156 
6.2%); Vmax (nujo1)/cm 1 1355.4, 1165.6 (SO2); 811 (200 MHz, CDC13) 2.27, 
2.33 (3 H, 2 x s, syn and anti Me), 6.68- 7.85 (14 H, m, 2 olefinic and 12 
aromatic), 8.25 (1 H, s, CH=N), 8.65 (1 H, s, NH); öc (50 MHz, CDC13) 
21.5 (Me), 123.2 (OH), 124.6 (CH), 125.4 (quat.), 126.3 (OH), 126.9 (2 x 
CH), 127.8 (2 x OH), 128.5 (OH), 128.6 (2 x CH), 129.4 (2 x CH), 130.3 
(CH), 133.5 (OH), 137.0 (quat.), 137.7 (quat.), 139.6(quat.), 143.9(quat.), 
144.0 (quat.), 147.4 (CH); m/z (FAB) 457(M+1, 100%), 456(37), 
455(M+1, 98), 454(35), 377(24), 325(31), 323(24), 303(17), 301(20), 
299(15), 273(21), 271(25), 257(62), 234(58), 232(56), 221(16); Found: 
455.0429. C22II19N202S 79Br requires M+1 455.0429. 
SODIUM SALT OF 2-BROMO-6-(E-2-PHENYLETHENYL) 
BENZALDEHYDE TOSYLHYDRAZONE (184) 
To 	a 	solution 	of 	2-bromo-6-(E-2-phenylethenyl)benzaldehyde 
tosyihydrazone (0.77 g, 1.69 mmol) in 'super-dry' ethanol (30 cm 3) was 
added sodium ethoxide (103 mg, 1.52 mmol). The reaction was stirred for 
2 h under nitrogen in the dark and then the solvent was removed in 
vacuo without heating above 40 °C. The sodium salt (0.72 g, 1.52 mmol) 
was then dried under high vacuum with phosphorus pentoxide as a 
drying agent overnight. 
9BROMO4PHENYL-11I-2.3-BENZODIAZEPINE (185) 
Freshly distilled ethylene glycol dimethyl ether (60 cm 3) was added to the 
sodium salt (0.72 g, 1.52 mmol) and the mixture was then heated to 
reflux under nitrogen. The reaction was followed by TLC (silica, 10% 
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ethyl acetate in hexane) and after 4 h had gone to completion. The 
solvent was removed in vacuo and then ether (100 cm 3) and water (40 
cm3) were added. The ether layer was dried over magnesium sulphate, 
filtered and then evaporated to dryness to give a yellow solid. Dry flash 
chromatography (silica, 5% ethyl acetate in hexane) gave 9-bromo-4-
phenyl-1H-2,3-benzodiazepine (185) as a yellow solid (0.31 g, 67%). mp 
98-99 OC  (dec.) (hexane/ethyl acetate) (Found: C, 60.7; H, 3.6; N, 9.0. 
C15H11BrN2 requires C, 60.2; H, 3.7; N, 9.4%); oH (200 MHz, d6-DMSO) 
2.93 (1 H, d, 2J  9.6 Hz, Hax), 6.84 (1 H, d, 2J  9.6 Hz, Heq), 7.27-8.27 (9 H, 
m, 8 aromatic and 1 olefinic); be (63 MHz, d6-DMSO) 67.54 (CH2), 114.1 
(CHN), 122.7 (quat.), 124.3 (quat.), 126.2 (2 x CH), 128.7 (CH), 129.1 (2 
x CH), 129.2 (CH), 129.3 (CH), 134.6 (CH), 135.6 (quat.), 136.0 (quat.), 
151.8 (quat., CN); m/z (FAB, thioglycerol) 301(M+1, 100%), 300(38), 
299(M+1, 63), 298(17), 286(61), 285(14), 284(36), 274(37), 272(36), 
206(14), 205(21), 203(25), 202(34), 194(21), 193(41), 192(41), 191(45), 
190(43), 189(39), 176(24), 115(22); found 299.0186. C15HI1 79BrN2 requires 
M+1 299.0186. 
ATTEMPTED SYNTHESIS OF 4-.PHENYL-9-(E-2-
PHENYLETHENYL)1H2.3-BENZODIAZEPINE (171) 
9Bromo4-pheny1-1H-2,3-benzOdiazepine (185) (0.21 g, 0.70 mmol), 
palladium (II) acetate (16 mg, 10% catalyst), tri-o-tolylphosphine (21 mg, 
10% catalyst) and styrene (0.37 g, 3.51 mmol) were heated at reflux in 
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triethylamine (20 cm 3) under nitrogen. The reaction was monitored by 
TLC (silica, 5% ethyl acetate in hexane) and after 24 hours all the 
starting material had reacted. The reaction mixture was dissolved in 
methylene chloride (50 cm 3) and was then acidified with dilute 
hydrochloric acid. The organic layer was separated, washed with water, 
dried with magnesium sulphate and passed through a bed of celite. The 
solvent was then removed in vacuo to give an extremely viscous brown 
oil. This oil was subsequently redissolved in the minimum amount of 
DCM. This concentrated solution was then dripped slowly into rapidly 
stirring cold methanol (50 cm 3) to precipitate the polystyrene formed 
during the reaction. The solution was filtered and the methanol removed 
in vacuo to give a black tar. Subsequent analysis of this material showed 
none of the desired product was present. 
2) Via Wadsworth-Emmons reactions 
ATTEMPTED SYNTHESIS OF 2-BROMO4SOPHTHALALDEHYDE 
(190) FROM (189) 
A solution of bromo-meta-xyiene (10.0 g, 54.06 mmol) in acetic anhydride 
(100 cm3) and concentrated hydrochloric acid ( 27 cm 3) was cooled down to 
0 OC and then a solution of chromium trioxide (33.0 g, 0.32 mol) in acetic 
anhydride (100 cm 3) was added slowly with cooling. On addition of this 
solution an explosive reaction took place and the reaction flask was 
broken by the force. Despite being a literature reaction, the violent 
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reaction between chromium trioxide and organic solvents has been 
previously reported. 
2BROMO3BROMOMETHYLBENZYL BROMIDE (191) 
A solution of bromo-meta-xylene (10.0 g, 54.05 mmol), benzoyl peroxide 
(1.31 g, 5.41 mmol) and N-bromosuccinimide (NBS) (18.76 g, 105.41 
mmol) were heated together at reflux in carbon tetrachloride (200 cm 3) 
until all the NBS had reacted. The solution was allowed to cool down and 
then was washed with sodium carbonate (10% w/v aqueous solution, 100 
cm3). After separating from the aqueous layer the organic layer was 
dried over magnesium sulphate, filtered and evaporated to dryness under 
reduced pressure. Distillation gave the product as a yellow solid (10.57 g, 
57%). mp 9597 °O (ethanol/hexane), lit., 128 97-98 00; oH (250 MHz, 
CDC13) 4.63 (4 H, s, 2 x CH2Br), 7.16-7.43 (3 H, m, aromatic); 8c (63 MHz, 
CDC13) 33.7 (2 x CH2Br), 126.4 (quat., CBr), 127.8 (OH, p to Br), 131.2 (2 
x OH, m to Br), 138.2 (2 x quat., CCH2Br); m/z (El) 346(Mt 9.1%), 
345(14), 344(Mt 26), 343(15), 342(M, 26), 341(6), 340(Mt 9), 266(49), 
264(100), 262(51), 184(30), 182(32), 103(37), 102(37). 
2BROMOISOPHTHALALDEHYDE (190) 
Sodium metal (1.48 g, 64.14 mmol) was added to a solution of 2-
nitropropane (9.34 g, 104.96 mmol) in 'super-dry' ethanol (200 cm 3) under 
nitrogen and stirred for 1.5 h. After this time the solution was added to a 
solution of 2-bromo-3-bromomethylbenzyl bromide (191) (10.0 g, 29.15 
mmol) in 'super-dry. (100 cm 3). The reaction was monitored by 
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TLC (silica, 5% ethyl acetate in hexane) and after 48 h had gone to 
completion. The ethanol was removed in vacuo and DOM (200 cm 3) and 
water (100 cm 3) added. The organic layer was separated and dried over 
magnesium sulphate, filtered and then evaporated to dryness to leave a 
clear oil. Distillation of this oil gave the title compound (190) as a white 
solid (5.34 g, 86%). mp 137-139 °C (hexane), lit., 129 137.5-138.5 °C; bp 50 
°C (oven temperature)/0.05 mmHg; Vmax (NujolIcm 1) 1701, 1675; oH (200 
MHz, CDC13) 7.45 (1 H, m, p to Br), 8.03 (2 II, m, in to Br), 10.39 (2 II, s, 2 
x CHO); 8c (50 MHz, CDC13) 127.9 (CH, a to Br), 130.4 (quat., CBr), 134.0 
(2 x quat., CCHO), 134.9 (2 x CH, in to Br), 191.3 (2 x CHO); m/z (El) 
214(M, 60%), 213(12), 212(M, 60), 211(6), 201(12), 183(24), 172(10), 
170(11), 134(100). 
ATTEMPTED SYNTHESIS OF 2-BROMO-3-(1-3-DIOXOLAN-2-YL) 
BENZALDEHYDE (192) 
A solution of 2-bromo-isopthalaldehyde (3.00 g, 14.08 mmol), ethylene 
glycol (0.87 g, 14.08 mmol) and p-toluenesulphonic acid (0.22 g, 1.41 
mmol) were heated together at reflux in toluene (100 cm 3) in a Dean-
Stark trap for 4 h. The solvent was then removed in vacua and DCM (100 
cm3) and sodium hydroxide solution (2 mol dm -3 in water) added. On 
separating the two layers the organic layer was dried over magnesium 
sulphate, filtered and evaporated to dryness. Analysis of the crude 
material showed a complex mixture which proved impossible to separate 
by chromatography or recrystallisaton. 
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SYNTHESIS OF CIS AND TRANS 2-BROMO-3-(2-
PHENYLETHENYL)BENZALDEHYDE (193) 
2-Bromo-isopthalaldehyde (190) (2.00 g, 9.39 mmol) and diethyl 
benzylphosphonate (2.15 g, 9.39 mmol) were dissolved in DMF (100 cm 3) 
and stirred together under nitrogen for 5 mm. Sodium methoxide (0.56 g, 
10.33 mmol) was then added and the mixture left stirring under nitrogen 
for 20 h. The solvent was then removed in vacuo and DCM (100 cm 3) and 
water (50 cm3) were added. The layers were separated and the organic 
layer was then dried over magnesium sulphate, filtered and evaporated 
to dryness under reduced pressure. Dry flash chromatography (silica, 
hexane) gave cis and trans 2-bromo-3-(2-phenylethenyl)benzaldehyde 
(0.59 g, 22%). Spectral details reported later. 
Second route chosen 
Synthesis of starting materials 
2-BROMO-3-METHYLBENZYL BROMIDE (194) 
A mixture of 2-bromo-m-xylene (5.00 g, 27.02 mmol), N-bromosuccinimide 
(4.87 g, 27.02 mmol.) and benzoyl peroxide (0.65 g, 2.70 mmol) in carbon 
tetrachloride (40 cm 3) was heated, under nitrogen, at reflux for 18 h or 
until all the N-bromosuccinimide had reacted. Once the N-
bromosuccinimide had reacted the reaction mixture was allowed to cool 
down to room temperature and then the succinimide produced during the 
reaction was filtered off. The carbon tetrachloride was then removed in 
vacuo to leave a brown oil. The oil was dissolved in DCM (40 cm 3) and 
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the solution washed with aqueous sodium carbonate solution (10% w/v, 
20 cm3) and then water (2 x 10 cm 3). The organic solution was then dried 
over magnesium sulphate, filtered and the solvent was removed in vacuo 
to give an orange oil. Fractional distillation, under reduced pressure, 
gives firstly unreacted starting material (1.19 g, 6.43 mmol) and then the 
desired product as a low melting white solid (3.85 g, 54%) (N.B. care must 
be taken while handling the product as it is very lachrymatory in nature). 
bp 50 OC/0.05 mmHg, lit., 130  98-104 OC/3.0 mmHg (Found: m/z (El) 
261.8994. C8H879Br2 requires M 261.8993); oH (200 MHz, CDC13) 2.44 (3 
H, s, Me), 4.65 (2 H, s, CH2Br), 7.17- 7.31 (3 H, m, aromatic); 0c (50 MHz, 
CDC13) 23.7 (CH3), 34.6 (CH2), 126.9 (quat. OMe), 127.1 (CH), 128.5 (CH), 
130.8 (CH), 137.1 (quat. CCHgBr), 139.3 (quat. CBr); m/z (El) 266(Mt 
11%), 264(M, 22), 262(M', 11), 185(100), 183(100), 104(25), 103(20). 
2BROMO-3-METHYLBENZALDEHYDE (195) 
Sodium metal (1.40 g, 60.83 mmol) was dissolved in 'super-dry' ethanol 
(20 cm3) under nitrogen, and then 2-nitropropane (6.96 g, 78.20 mmol) 
was added. This solution was stirred, under nitrogen, for a further 1 h to 
ensure the formation of the sodium prop anenitronate salt. This solution 
was then added, using a double-tipped needle, to a solution of 2-bromo-3-
methylbenzyl bromide (11.47 g, 43.45 mmol) in 'super-dry' ethanol (30 
cm3). The reaction was monitored by TLC (silica, hexane) and after 48 h 
had gone to completion. The ethanol was removed in vacuo and then 
DCM (100 cm3) and aqueous sodium hydroxide solution (10% w/v, 30 cm 3) 
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were added. The organic layer was washed with water (2 x 10 cm 3), dried 
over magnesium sulphate, filtered and then the solvent was removed in 
vacuo to leave the product as a white solid (8.39 g, 97%) which required 
no further purification. mp 50-52 OC (hexane) lit., 13 ' 53-54 °C (Found: 
m/z (El) 197.9681. C8H7 79BrO requires W 197.9680); Vmax (Nujol)/cm' 
1682.7 (C=0); SH (80 MHz, CDC13) 2.41 (3 H, s, Me), 7.22- 7.89 (3 H, m, 
aromatic), 10.37 (1 H, s, CHO); Sc (63 MHz, CDC13) 22.6 (Me), 127.1 (CH), 
127.1 (CH), 129.3 (quat. CBr), 133.7 (quat. CHO), 136.0 (CH), 139.4 
(quat. OMe), 192.3 (CHO); m/z (El) 200(IVP, 67%),199(100) 198(M, 68), 
197(84), 171(20), 169(19), 91(32), 90(44), 89(39). 
(197) 
Diethyl benzylphosphonate (18.28 g, 76.28 mmol) was added to a solution 
of 2.bromo-3-methylbenzaldehyde (15.18 g, 76.28 mmol) in dry N,N-
dimethylformamide (200 cm 3) and the mixture stirred under nitrogen for 
5 mm. Sodium methoxide (4.53 g, 83.91 mmol) was then added and 
immediately a deep purple colouration appeared accompanied by 
evolution of heat. The reaction was monitored by TLC (silica, hexane) 
and after being left stirring, under nitrogen, overnight had gone to 
completion. When the reaction was complete water (200 cm 3) was added 
to the solution and the crude product precipitated out as a brown solid. 
This solid was filtered off, dried under high vacuum with phosphorus 
pentoxide as drying agent and recrystallised from hexane to give a pale 
brown solid (16.14 g, 78%). HPLC of this material however showed that 
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the product was present in both B and Z isomeric forms (ratio Z:E was 
45:55). 
The mixture of E and Z isomers of 2-bromo.3-(2-phenylethenyl)tolUene 
(16.14 g, 59.12 mmol) was dissolved in heptane (300 cm 3) and iodine (0.74 
g, 5.91 mmol) was added. The mixture was heated, under nitrogen, at 
reflux until all the Z isomer had been converted to the E isomer. The 
reaction was monitored by HPLC and after 48 h was complete (E:Z 97:3). 
The reaction was allowed to cool to room temperature and was then 
washed with aqueous sodium thiosulphate solution (10% w/v, 100 cm 3) 
and then water (2 x 20 cm 3). The organic layer was then dried over 
magnesium sulphate, filtered, and the solvent was removed in vacuo to 
give the crude product. Recrystallisation from ethyl acetate and hexane 
gave the product as a white solid (15.24g, 94%). mp 83-84 OC (hexane / 
ethyl acetate) (Found: C, 65.8; H, 4.9. C15H13Br requires C, 65.9; H, 
4.8%); 811 (250 MHz, CDC13) 2.55 (3 H, s, Me), 7.09 (1 H, d, 
3J 16.2Hz, 
olefinic), 7.20- 7.69 (8 H, m, aromatic), 7.69 (1 H, d, J 16.2Hz, olefinic); 
bc (62 MHz, CDC13) 23.9 (CH3), 124.2 (CH), 126.5 (quat. CBr), 126.6 (2 x 
CH), 126.8 (CH), 127.7 (CH), 128.3 (CH), 128.5 (2 x CH), 129.6 (CH), 
131.1 (CH), 136.9 (quat.), 137.5 (quat.), 138.5 (quat); m/z (El) 274(M 4 , 
53%), 272(M, 50), 193(33), 192(19), 191(16), 189(14), 178(10), 165(12), 
96(12); Found: 272.0201. C15H13 79Br requires M 272.0201. 
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BROMIDE (198) 
A solution of 2-bromo-3-(E-2-phenylethenyl)toluene (197) (5.29 g, 19.38 
mmol), N-bromosuccinimide (3.79 g, 21.32 mmol) and benzoyl peroxide 
(0.47 g, 1.94 mmol) in carbon tetrachloride (100 cm 3) was heated at 
reflux, under nitrogen, for 16 h after which time all the N-
bromosuccinimide had reacted. The reaction mixture was allowed to cool 
to room temperature and the succinimide was then filtered off. The 
carbon tetrachloride was removed in vacuo and DCM (100 cm 3) was 
added. The solution was washed with aqueous sodium carbonate (10% 
w/v, 30 cm 3) and then water (2 x 15 cm 3). After drying over magnesium 
sulphate and filtering the solvent was removed in vacuo to give an orange 
solid. Wet flash chromatography (silica, hexane) gave the product as a 
white solid which was then further purified by recrystaffisation from 
hexane (3.07 g, 45%). mp 165-167 OC (hexane) (Found: C, 51.2; H, 3.3. 
C15H12Br2 requires C, 51.2; H 3.4%); oH (250 MHz, CDC13) 4.67 (2 H, s, 
CH2Br), 7.01 (1 H, d, 3J,  16.2 Hz, olefinic), 7.53 (1 H, d, 3J  16.2 Hz, 
olefinic), 7.25- 7.62 (8 H, m, aromatic); Oc (63 MHz, CDC13) 34.4 (CH2Br), 
126.7 (2 x CH), 127.0 (CH), 127.5 (CH), 127.6 (CH), 127.9 (quat. CBr), 
128.1 (CH), 128.6 (2 x CH), 123.0 (CH), 132.1 (CH), 136.7 (quat.), 137.7 
(quat.), 138.7 (quat); m/z (El) 354(M, 35%), 352(M, 59), 350(M, 34), 
274(22), 273(48), 272(23), 271(48), 191(100), 165(31); Found: 349.9307. 
C15H1279Br2 requires M 349.9306. 
Itff 
(199) 
Sodium metal (0.18 g, 7.82 mmol) was dissolved in a solution of 2-
nitropropane (2.53 g, 28.41 mmol) in 'super-dry' ethanol (50 cm 3) under 
nitrogen. After stirring for 30 minutes this solution was transferred to a 
sealed flask containing 2-b romo-3-(E-2-phenylethenyl)benzyl bromide 
(198) (2.50 g, 7.10 mmol). The reaction was stirred, under nitrogen, at 
room temperature until completion. Monitoring of the reaction was by 
TLC (silica, 2% ethyl acetate in hexane) and after 72 h the reaction was 
complete. The ethanol was removed in vacuo and DCM (50 cm 3) and 
aqueous sodium hydroxide (10% w/v, 20 cm 3) were added. The organic 
layer was separated and washed with water (2 x 10 cm 3), then dried over 
magnesium sulphate, filtered, and the solvent was removed in vacuo. 
Recrystallisation from hexane gave the product as a white crystalline 
solid (1.92 g, 94%). nip 92-93 OC (hexane/ ethyl acetate) (Found: C, 3.9; H, 
62.5. C15HuBr requires C, 62.7; H, 3.9%); Vmax (Nujol)/ cm' 1715.6 (0=0); 
oH (250 MHz, CDC13) 7.04 (1 H, d, 3J 16.2 Hz, olefinic), 7.25-7.88 (8 H, m, 
aromatic), 754 (1 H, d, 3J 16.2 Hz, olefinic), 10.48 (1 H, s, CHO); 0c (63 
MHz, CDC13) 126.2 (OH), 126.8 (2 x OH), 127. 6 (OH), 128.1 (quat. CBr), 
128.4 (OH), 128.7 (2 x CH), 132.1 (CH), 132.9 (CH), 134.2 (quat.), 136.4 
(quat.), 138.8 (quat. eCHO), 192.3 (CHO); m/z (El) 288(M, 24%), 
286(M, 21), 189(19), 179(48), 178(89), 177(19), 176(24), 43(100); Found: 
285.9994. C15H1179BrO requires M, 285.9993. 
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Synthesis of materials for competitive reactions "Phenyl Vs it" 
R = Phenyl 
2. 6BIS(E2PHENYLETHENYL)BROMOBENZENE (202) 
Diethyl benzylphosphonate (1.19 g, 5.23 mmol) was added to 2-bromo-3-
(E-2-phenylethenyl)benzaldehyde (199) (1.50 g, 5.23 mmol) in dry N,N-
dimethylformamide (20 cm 3). The mixture was stirred for 5 min and then 
sodium methoxide (0.31 g, 5.75 mmol) was added. The previously clear 
solution turned dark immediately and heat was evolved. The solution 
was stirred for 1 h, under nitrogen, after which time water (25 cm 3) was 
added. A light brown solid then precipitated out of solution immediately. 
The solvent was removed in vacuo and then water (30 cm 3) and DCM (40 
cm3) were added. The aqueous layer was separated and then extracted 
with ether (2 x 10 cm 3). The organic fractions were combined and dried 
over magnesium sulphate. The magnesium sulphate was filtered off and 
the solvent was removed in vacuo to leave the crude product as a pale 
brown solid (1.87 g, 99%). HPLC analysis of the crude material showed a 
mixture of the E,E and E,Z isomers in the ratio 61:39. 
The mixture of E,E and E,Z 2,6-di-(phenylethenyl)bromobenzene 
(E,E:E,Z, 61:39) was dissolved in heptane (40 cm 3) and iodine (66 mg, 
0.52 mmol) was added. The reaction was then heated at reflux, under 
nitrogen, until all the E,Z isomer had been converted into the E,E form. 
The reaction was monitored by HPLC (5% ether in hexane) and after 48 h 
was judged to have gone to completion (E,E:E,Z ratio 98:2). The reaction 
MJ 
was cooled down and ether (40 cm 3) and aqueous sodium thiosulphate 
solution (10% w/v, 30 cm3) were added. The two layers were separated, 
the aqueous layer was extracted with ether (15 cm 3) and the organic 
layers were combined and washed with water (2 x 10 cm 3). After drying 
over magnesium sulphate, filtering and evaporating to dryness the 
product was recrystallised from hexane/ethyl acetate to give a white solid 
(1.57 g, 84%). mp 159-161 013 (hexane/ethyl acetate) (Found: C, 72.7; H, 
4.9. C22H17Br requires C, 73.1; H 4.7%); oH (250 MHz, CDC13) 6.71- 7.67 
(16 H, m, 13 aromatic and 3 olefinic), 7.03 (1 H, d, 3J 16.2Hz, olefinic); Sc 
(63 MHz, CDC13) 125.1 (quat. CBr), 125.8 (2 x CH), 126.7 (4 x OH), 127.2 
(CH), 127.9 (2 x CH), 128.2 (2 x OH), 128.6 (4 x OH), 131.6 (2 x OH), 136.9 
(2 x quat.), 138.2 (2 x quat.); mA (El) 362(M, 6%), 360(M, 5), 288(19), 
286(19), 228(23), 203(21), 200(10), 189(18), 179(38), 178(46), 177(11), 
176(13), 172(13), 124(21), 118(25), 109(22), 105(11), 97(12), 91(100); 
Found: 360.0500. C22H17 79Br requires W 360.0514. 
& 	 (203) 
To 2,6bis(E2-phenylethenYl)bromobeflZene (202) (1.47 g, 4.07 mmol) in 
THY (20 cm3) was added, dropwise with stirring, n-butyffithium (2.50 mol 
dm-3  solution in hexanes, 1.96 cm 3, 4.89 mmol) at 780C under nitrogen. 
The reaction mixture was left stirring at -78 00 for 1 h after which time 
N,N-dimethylformamide (1.04 g, 14.25 mmol) was added. After stirring 
for a further 30 min at -78 OC the reaction was allowed to slowly warm to 
0 °C and stirred at this temperature for a further 1 h. The reaction was 
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then allowed to warm to room temperature and was stirred for a further 
30 mm. Saturated aqueous ammonium chloride solution (10 cm 3) and 
ether (20 cm3) were then added and the aqueous and organic layers 
separated. The organic layer was washed with water (2 x 5 cm 3), dried 
over magnesium sulphate, filtered and evaporated to dryness to give the 
crude orange solid. Dry flash chromatography (silica, 10% ether in 
hexane) gave the pure product as an orange solid (0.97 g, 77%). mp 159-
161 OC (hexane/ethyl acetate) (Found: C, 88.7; H, 5.4. C23H180 requires 
C, 89.0; H, 5.8%); Vmax (Nujol)/cm' 1676.5 (C0); 8H (200 MHz, CDC13) 
6.96 (2 H, d, V 16.1 Hz, oleflnic), 7.15- 7.61 (13 H, m, aromatic), 7.79 (2 
H, d, 3J 16.1 Hz, olefinic), 10.61 (1 H, s, CHO); 8c (50 MHz, CDC13) 125.7 
(2 x CH), 126.8 (4 x CH), 126.8 (2 x CH), 128.1 (2 x CH), 128.6 (4 x CH), 
130.9 (quat. CCHO), 132.7 (CH), 134.0 (2 x CH), 136.7 (2 x quat.), 1405 (2 
x quat.), 193.5 (CHO); m/z (El) 310(M, 46%), 298(17), 283(10), 282(40), 
203(19), 202(17), 178(20), 91(2), 77(15), 43(100); Found: 310.1353. 
C23H180 requires M 310.1358. 
2. 
TOSYLHYDRAZONE (204) 
2, 6bis.(E.2phenylethenyl)benzaldehyde (203) (0.84 g, 2.71 mmol) was 
dissolved in 'super-dry' ethanol (15 cm 3) and warmed to 40 °C. p-
Tosylhydrazide (0.50 g, 2.71 mmol) also dissolved in 'super-dry' ethanol 
(15 cm3) at 40 OC was then added along with a drop of concentrated 
hydrochloric acid. The reaction was kept stirring at 40 OC, under 
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nitrogen, in the dark until it had gone to completion. The reaction was 
monitored by TLC (silica, 10% ethyl acetate in hexane) and after 2 h had 
gone to completion. The solvent was removed in vacuo and the impure 
tosylhydrazone was then recrystaffised from ethanol to give the product 
as a white solid (0.69 g, 53%). mp 157-159 °C (dec.) (ethanol) (Found: C, 
75.9; H, 5.7; N, 5.8. C30H26N2S02 requires C, 75.3; H, 5.5; N, 5.8%); Vmax 
(Nujol)/cm' 1304.7, 1160.9 (SO2); 8H (250 MHz, d6-DMSO) 2.21, 2.50 (3 H, 
2 x s, CR3, syn and anti), 7.07 (2 H, d, 3J  16.2 Hz, olefinic), 7.18- 7.88 (17 
H, m, aromatic), 7.55 (2 H, d, 3J  16.2 Hz, olefinic), 8.50 (1 H, s, CH=N), 
11.60 (1H, s, NH); 6c (63 MHz, d(;-DMSO) 21.1 (Me), 125.8 (2 x CH), 126.5 
(2 x CH), 126.6 (2 x CH), 126.8 (4 x CH), 127.3 (2 x CH), 128.1 (CH), 128.8 
(4 x CH), 129.6 (quat.), 129.7 (2 x CH), 131.4 (2 x CH), 136.2 (quat.), 137.2 
(2 x quat.), 137.3 (2 x quat), 143.5 (quat.), 147.5 (CHN); ni/z (FAB) 479 
(fyJ +1) (56%), 401(17), 391(16), 389(11), 377(13), 327(20), 326(12), 
325(45), 324(14), 323(40), 321(14), 315(18), 313(15), 309(15), 307(16), 
299(36), 297(19), 296(16), 295(51), 294(48), 293(83), 291(16), 285(25), 
284(38), 283(100), 282(30), 275(27), 265(18), 247(25), 239(21), 237(18), 
229(24), 227(30); Found: 479.1777. C30H26N202S requires M+1 
479.1793. 
SODIUM SALT OF 2.6BIS4E-2..PHENYLETHENYL) 
BENZALDEHY1E TOSYLHYDRAZONE (205) 
Sodium metal (21.6 mg, 0.94 mmol) was dissolved in 'super-dry' ethanol 
(10 cm3) under nitrogen. The sodium ethoxide solution thus formed was 
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then added to 2, 6-bis-(E-2-phenylethenyl)benzaldehyde tosyihydrazone 
(204) (0.50 g, 1.05 mmol) in 'super-dry' ethanol (10 cm 3). The reaction 
mixture was then stirred, under nitrogen, in the dark for 2 h before the 
solution was evaporated to dryness under reduced pressure. The sodium 
salt was further dried overnight under high vacuum with phosphorus 
pentoxide as drying agent before decompositon to give the diazoalkane. 
No analysis was carried out on the sodium salt. 
THERMAL DECOMPOSITION OF SODIUM SALT OF 2.6-BIS-(E-2-
PHENYLETHENYL)BENZALDEHYDE TOSYLHYDRAZONE 
Freshly distilled ethylene glycol dimethyl ether (DME) (40 cm 3) was 
added to the dried sodium salt (0.46 g, 0.94 mmol) and then heated to 55 
0C with stirring, under nitrogen, in the dark. The decomposition of the 
tosylhydrazone and subsequent formation of products was followed by 
HPLC (10% ether in hexane) and after 3 h the reaction had gone to 
completion. The DME was coevaporated with chloroform under reduced 
pressure while taking care to avoid light. Ether (50 cm 3) and water (30 
cm3) were added to the mixture and then separated. The aqueous layer 
was extracted with ether (15 cm 3) and the combined organic layers were 
then dried over magnesium sulphate, filtered and evaporated to dryness 
to give a dark yellow solid. Dry flash chromatography (silica, 10 % ethyl 
acetate in hexane) afforded 4.phenyl-9-(E.2-phenylethenyl)- 1H-2, 3-
benzodiazepine (171) as a bright yellow solid (0.29 g, 95%). mp 164-166 
00 (dec.) (hexane/ethyl acetate) (Found: C, 85.6; II, 5.3; N, 8.7. C23H18N2 
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requires 0, 85.7; H, 5.6; N, 8.7%); oH (250 MHz, ODd3) 2.89 (1 H, d, 2J 
9.4 Hz, 	6.88 (1 II, d, 2J  9.4 Hz, Heq), 7.03 (1 H, s), 7.17 (1 H, d, 3J 
16.2 Hz, olefinic), 7.25- 7.98 (13 H, m, aromatic), 7.86 (1 H, d, eJ 16.2 Hz, 
olefinic); Oc (63 MHz, CDO13) 65.2 (OH2), 115.2 (OH), 125.2 (CH), 126.1 
(quat.), 126.2 (2 x CH), 126.4 (OH), 126.7 (2 x OH), 127.5 (OH), 127.7 
(OH), 128.0 (OH), 128.7 (2 x OH), 128.7 (2 x OH), 128.9 (OH), 133.1 (OH), 
134.6 (quat.), 136.3 (quat.), 136.8 (quat.), 136.9 (quat.), 151.8 (quat.); miz 
(El) 322(1W, 2%), 295(25), 294(100), 293(28), 279(18), 278(16), 219(22), 
218(16), 217(24), 216(20), 215(46), 203(31), 202(30), 191(16), 189(18), 




Diethyl p-methoxybenzylphosphonate (0.99 g, 3.83 mmol) was added to 2-
bromo-3-(E-2-phenylethenyl)benzaldehyde (1.10 g, 3.83 mmol) in N,N-
dimethylformamide (20 cm 3) and stirred together for 5 mm. Sodium 
methoxide (0.52 g, 9.58 mmôl) was added to the solution which led to the 
formation of a dark purple colouration and the evolution of heat. The 
solution was left stirring under nitrogen for 16 h after which time water 
(20 cm 3) was added causing a pale brown solid to precipitate from 
solution. The solid was filtered off, washed with water and dried over 
phosphorus pentoxide under high vacuum to give the crude product as a 
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yellow solid (1.38 g, 92%). HPLC analysis (15% ether in hexane) of the 
solid showed the Z,E:E,E ratio to be 54:46. 
The mixture of E,E and Z,E 2-(2-p-methoxyphenylethenyl)-6-(2-
phenylethenyl)bromobenzene (1.38 g, 3.53 mmol) was dissolved in 
heptane (120 cm3) and iodine (44 mg, 0.35 mmol) added. The mixture 
was then heated at reflux, under nitrogen, until all the Z,E isomer had 
been converted to the E,E. The reaction was monitored by HPLC (15% 
ether in hexane ) and after 20 h it had been fully isomerised to the 
desired product. The reaction was then allowed to cool down to room 
temperature and ether (50 cm 3) was added. The solution was washed 
with aqueous sodium thiosulphate (10% w/v, 2 x 20 cm 3) and then water 
(20 cm3), dried over magnesium sulphate, filtered and evaporated to 
dryness under reduced pressure. Recrystallisation from hexane gave the 
product as a white crystalline solid (1.31 g, 95%). mp 128-130 00 
(hexane) (Found: 0, 70.3; H, 4.7. O23H19BrO requires 0, 70.6; H. 4.9%); 
SH (200 MHz, 0D013) 3.84 (3 H, s, OMe), 6.90- 7.65 (16 H, m, 12 aromatic 
and 4 olefinic); 6c (52 MHz, ODd3) 55.2 (CH3), 114.0 (2 x OH), 125.4 
(OH), 125.6 (OH), 126.0 (OH), 126.7 (2 x OH), 127.1 (OH), 127.9 (OH), 
128.0 (2 x OH), 128.3 (OH), 128.6 (2 x OH), 129.7 (quat.), 131.0 (OH), 
131.4 (OH), 130.2 (quat.), 136.9 (quat.), 138.1 (quat.), 138.4 (quat.), 159.4 
(quat. COMe); m/z (El) 392(M, 7%), 390(M 1 , 7), 318(12), 316(12), 289(12) 
288(69), 286(69), 188(31), 179(86), 178(100), 177(27), 176(28), 152(15), 
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151(15), 125(18), 123(16), 111(32), 109(23), 97(48), 95(32); Found: 
392.0561. C23H19BrO requires W 392.0599. 
2(E2PARAMETHOXYPHENYLETHENm-64E2 
PHENYLETHENYL)BENZALDEHYDE (213) 
(212) (1.85 g, 4.13 mmol) was dissolved in THF (40 cm 3) and cooled to -78 
0C under an atmosphere of nitrogen. n-Butyllithium (2.18 mol dm 3 
solution in hexanes, 2.39 cm 3, 5.20 mmol) was then added dropwise and 
the reaction was left stirring at -78 °C under nitrogen. After 30 min N,N-
dimethylformamide (1.04 g, 14.19 mmol) was added and the solution was 
left stirring at -78 OC for a further 30 mm. The reaction was then allowed 
to warm up to 0 OC and was kept at this temperature for 1 h after which 
time it was warmed to room temperature. After stirring for 30 min at 
room temperature ether (40 cm 3) and saturated aqueous ammonium 
chloride solution (30 cm 3) was added. The ether layer was then separated 
and washed with water, dried over magnesium sulphate, filtered and the 
solvent was removed in vacuo to give an orange oil. Dry flash 
chromatography (silica, 10% ethyl acetate in hexane) gave the product as 
a yellow solid (0.92 g, 58%). mp 131-132 °C (hexane) (Found: C, 84.4; H, 
5.6. C24H002 requires C, 84.7; H, 5.9%); Vmax (Nujol)/cm 1 1677.2 (C0); 
Su (250 MHz, CDC13) 3.83 (3 H, s, CH3), 6.96 (1 H, d, 3J 16.1 Hz, olefinic), 
7.64 (1 H, d, 3J 16.1 Hz, olefinic), 7.79 (1 H, d, 3J 16.1 Hz, olefinic), 6.87 
7.57 (13 H, m, 12 aromatic and 1 olefinic) 10.58 (1 H, s, CHO); Sc (63 
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MHz, CDCI3) 55.1 (CII3), 114.0 (2 x CH), 123.2 (CH), 125.9 (CH), 126.4 
(CH), 126.6 (CH), 126.7 (2 x CH), 128.0 (2 x CH), 128.6 (2 x CH), 129.5 
(quat.), 130.6 (quat.), 132.6 (CH), 133.7 (CH), 136.8 (quat.), 140.3 (quat.), 
140.8 (quat.), 159.6 (quat. CCHO), 193.6 (CHO); m/z (El) 340(M, 12%), 
312(100), 203(11), 91(11); Found: 340.1469. C24H2002 requires W 
340.1463. 
2(E2PARAMETHOXYPHENYLETHENYL)-6-(E-2-
PHENYLETHENYL)BENZALDEHYDE TOSYLHYDRAZONE (210) 
2(E2para-Methoxyphenylethenyl)-6-(E-2-PheflYlethenYl)benZaldehYde 
(213) (0.35 g, 1.03 mmol) was dissolved in 'super-dry' ethanol (10 cm 3) and 
heated to 40 °C under nitrogen. To this was added a solution of p-
tosylhydrazide (0.20 g, 1.03 mmol) also in 'super-dry' ethanol (10 cm 3) at 
40 OC. A drop of concentrated hydrochloric acid was added and the 
reaction was stirred in the dark maintaining the temperature at 40 °C. 
Monitoring of the reaction was by TLC (silica, 10% ethyl acetate in 
hexane) and after 4 h the reaction had gone to completion. The reaction 
was allowed to cool down and was then placed in the fridge to 
recrystallise overnight. The product recrystallised as a cream solid (0.29 
g, 59%). mp 156-158 °C (dec.) (ethanol); (Found: C, 73.1; H, 5.6; N, 5.2. 
C31II28N2O3S requires C, 73.2; H, 5.6; N, 5.5%); Vmax (Nujol)/cm' 1253.1, 
1164.2 (SO2); 81T (250 MHz, d6-DMSO) 2.22, 2.50 (3 H, 2 x s, Ar-Me, syn 
and anti), 3.78 (3 II, s, -OMe), 6.94-7.83 (20 H, m, 16 aromatic and 4 
olefinic), 8.49 (1 H, s, CHN), 11.59 (1 H, s, NH); 3c ( 63 MHz, d6-DMSO) 
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21.0 (Ar-Me), 55.3 (-OMe), 114.2 (2 x OH), 124.0 (OH), 125.4 (quat.), 125.5 
(quat.), 126.6 (OH), 126.8 (2 x OH), 127.2 (2 x OH), 127.8 (quat.), 127.9 
(CH), 128.0 (OH), 128.2 (2 x OH), 128.5 (quat.), 128.8 (2 x OH), 129.5 
(OH), 129.6 (2 x OH), 129.8 (OH), 131.1 (OH), 131.3 (OH), 136.3 (quat.), 
137.2 (quat.), 137.6 (quat.), 147.6 (OH), 159.3 (quat.); m/z (FAB) 
509(M+1, 28%), 508(18), 353(15), 312(30), 307(19), 154(24), 153(100), 
138(29), 137(55), 136(79), 121(17), 107(29), 92(25), 91(21), 90(38), 78(41); 
Found: 509.1894. O31H29N203S requires M 509.1899. 
SODIUM SALT OF 2-(E-.2-PARA-METHOXYPHENYLETHENYL)-6-
(E-2-.PHENYLETHENYL)BENZALDEHYDE TOSYLHYDRAZONE 
2(E.2-para.Methoxyphenylethenyl)-6-(E-2-phenYlethenYl)beflZaldehYde 
tosylhydrazone (210) (0.45 g, 0.89 mmol) was dissolved in 'super-dry' 
ethanol (15 cm 3). A solution of sodium metal (19 mg, 0.81 mmol) also 
dissolved in 'super-dry' ethanol (5 cm 3) was then added to the 
tosylhydrazone solution and the mixture was stirred in the dark under 
nitrogen for 3 h. Removal of the solvent in vacuo without heating above 
30 00 gave the solid sodium salt. The sodium salt was further dried over 
phosphorus pentoxide overnight while under high vacuum to give the dry 
salt (0.42 g, 0.81 mmol). 
"Mi 
THERMAL DECOMPOSITION OF THE SODIUM SALT OF 2-(E-2-
PARA-METHOXYPHENYLETHENYL)-6-(E-2-PHENYLETHENYL) 
BENZALDEHYDE TOSYLHYDRAZONE 
To the dry sodium salt (0.42 g, 0.81 mmol) was added freshly distilled 
ethylene glycol dimethyl ether (25 cm 3) and the solution was then heated 
to 50 °C with stirring under nitrogen in the dark. The decomposition of 
the sodium salt and subsequent formation of products was monitored by 
HPLC (10% ether in hexane). After 3 1/2 h at 50 °C the reaction had gone 
to completion. The solvent was coevaporated with chloroform (50 cm 3) 
and then ether (75 cm 3) and water (30 cm 3) were added. The aqueous 
layer was separated and then extracted with DCM and the combined 
organic fractions were dried over magnesium sulphate, filtered and the 
solvent was then removed in uacuo to give a dark yellow solid. HPLC 
(10% ether in hexane), 1H and 13C NMR analysis of the crude reaction 
mixture showed two main products in the ratio 1.1:1.0. Dry flash 
chromatography of the crude material was unable to separate the two 
main products, (216) and (217), from each other and gave a bright yellow 
solid mixture of the two (0.27 g, 96%). mp 152-154 OC (ethyl 
acetate/hexane) (Found: C, 81.5; H, 5.9; N, 8.4%. C24H20N20 requires C, 
81.8; H, 5.7; N, 8.0%); 8H  (250 MHz, CDC13) 2.87 (1 H x 2, d, 2J  9.4 Hz, Hax 
x 2), 3.86, 3.87 (3 H x 2, s x 2, 2 x OMe), 6.84, 6.88 (1 H x 2, d x 2, 2J  9.4 
Hz, Heq x 2), (6.83- 7.98, 15 H x 2, m, 12 aromatic x 2 and 3 olefinic x 2); 
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3c (63 MHz, ODC13) 55.2 (OMe x 2), 65.1, 65.2 (OH2 x 2), 114.0, 114.1 (OH 
x 2), 115.2 (OH), 122.0, 122.1 (quat. x 2), 122.9 (CH), 125.2 (OH), 126.2 (2 
x OH), 126.7 (2 x OH), 127.3 (OH), 127.4 (OH x 2), 127.5 (OH), 127.6 (2 x 
OH), 127.9 ((2 x OH) x 2), 128.4 (OH), 128.5 (OH), 128.6 (011), 128.6 ((2 x 
011) x 2), 128.7 (2 x OH), 129.3, 129.8 (quat. x 2), 132.5 (OH), 132.9 (OH), 
134.8, 135.0 (quat. x 2), 136.2, 136.5 (quat. x 2), 136.8, 137.0 (quat.), 
151.4, 151.6 (quat. x 2), 159.5, 160.0 (quat x 2); m/z (FAB) 353(M+1, 
100%), 352(52), 351(41), 350(18), 341(40), 340(36), 339(51), 338(65), 
337(36), 336(21), 327(20), 326(23), 325(58), 324(72), 323(50), 322(35), 
309(26), 308(21), 279(30), 278(31), 277(37), 276(32), 265(43), 264(25), 
263(32), 252(36), 250(39), 249(27), 239(34), 235(35), 221(40), 220(62), 
219(44), 218(45), 217(53), 215(70), 205(44), 203(57), 202(68), 




To a solution of methyltriphenyiphosphonium bromide (1.23 g, 3.45 
mmol) in THF (50 cm3) was added n- butyffithium (2.30 mol dm-3 solution 
in hexanes, 1.50 cm 3, 3.45 mmol) producing a bright yellow colouration. 
After stirring at room temperature under nitrogen for 1 h the yellow 
colouration had turned to a bright orange and then 2-bromo-3-(E-2-
phenylethenyl)benzaldehyde (0.99 g, 3.45 mmol) in THY (60 cm 3) was 
added dropwise with stirring. The reaction was then left stirring and 
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was monitored by TLC (silica, hexane). After stirring for 16 h the 
reaction had gone to completion and the bright orange colour had totally 
disappeared. Ether (100 cm 3) and aqueous saturated ammonium chloride 
solution (10% w/v, 50 cm 3) were added, separated and the aqueous layer 
was then extracted with DCM (2 x 15 cm 3). The combined organic 
fractions were then dried over magnesium sulphate, filtered and the 
solvent was removed in vacuo to give the crude product. Purification was 
by dry flash chromatography (silica, hexane) to give the product as a clear 
oil (0.71 g, 58%). bp 165 OC (oven temp.)/0.1 mmHg (mostly polymerises) 
(Found: C, 67.1; H, 4.6. C16H13Br requires C, 67.4; H, 4.6%); 6H (250 
MHz, CDC13) 5.44 (1 H, dd, 2J  1.2 Hz, 'J 10.9 Hz, styryl), 5.73 (1 H, dd, 2J 
1.2 Hz, 3J  17.4 Hz, styryl),7.04 (1 H, d, 3J  16.2 Hz, olefinic), 7.18- 7.66 (9 
H, m, 8 aromatic and 1 olefinic), 7.24 (1 H, dd, SJ  10.9 Hz, J  17.4 Hz, 
styryl); 8c (63 MHz, CDC13) 116.8 (CH2), 125.0 (quat. CBr), 125.9 (CH), 
126.0 (CH), 126.7 (2 x CH), 127.1 (CH), 127.9 (CH), 128.1 (CH), 128.6 (2 x 
CH), 131.5 (CH), 136.6 (CH), 136.8 (quat.), 137.9 (quat.), 138.6 (quat.); 
m/z (El) 286(M, 94%), 284(100), 205(77), 204(48), 203(69), 202(63), 
190(40), 189(33), 178(31), 165(14); Found: 284.0188. C16H13 79Br requires 
M 284.0201. 
2(E2PHENYLETHENYL)-6-ETHENYLBENZALDEHYDE (225) 
To 2(E-2-phenyletheny1)-6-etheny1bromobenzene (224) (0.71 g, 2.49 
mmol) in THF (25 cm3) at -78 °C under nitrogen was added a-
butyllithium (2.30 mol dm-3  solution in hexanes, 1.19 cm 3, 2.74 mmol) 
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dropwise. On addition of the n-butyllithium a persistent dark brown 
colouration was observed. After stirring at -78 00 for 1 h N,N-
dimethylformamide (0.46 g, 6.23 mmol) was added and the mixture was 
kept stirring at -78 00 for a further 1 h after which time the intensity of 
the dark brown colour had diminished. The reaction was slowly warmed 
to 0 °C and was stirred at 0 °C for a further 1 h after which time it was 
allowed to warm to room temperature. After stirring at room 
temperature for a further 30 min the reaction was quenched with 
saturated aqueous ammonium chloride solution (10 cm 3) and ether (25 
cm3). The organic layer was separated, the aqueous layer extracted with 
DCM (2 x 5 cm3) and the combined organic layers were then dried over 
magnesium sulphate, filtered and the solvent removed in vacuo to give 
the impure product. Purification was by dry flash chromatography 
(silica, 0-5% ethyl acetate in hexane) and afforded the product as a yellow 
oil (0.37 g, 63%) which polymerised on heating. (Found: mit (El) 
234.1041. C17H14O requires M 234.1045); Vmax (film)/cm' 1685.1 (0=0); 
SH (250 MHz, ODd3) 5.50 (1 H, dd, 2J  1.2 Hz, 3J  10.9 Hz, styryl), 5.63 (1 
H, dd, 2J  1.2 Hz, 3J  17.2 Hz, styryl), 6.95 (1 H, d, V 16.1 Hz, olefinic), 
7.25- 7.60 (9 H, m, 8 aromatic and 1 styryl), 7.79 (1 H, d, V 16.1 Hz, 
olefinic), 10.55 (1 H, s, CHO); Sc (63 MHz, ODd3) 119.3 (CH2), 125.8 
(OH), 126.7 (2 x CH), 127.0 (OH), 127.0 (OH), 128.0 (OH), 128.6 (2 x OH), 
130.7 (quat.), 132.7 (OH), 133.8 (OH), 134.4 (OH), 136.8 (quat.), 140.0 
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(quat.), 141.1 (quat.), 193.4 (CHO); m./z (El) 234 (Mt, 10%), 202(25), 
193(41), 178(32), 128(17). 
TOSYLHYDRAZONE (226) 
2(E2Phenyletheny1)-6-etheflYlbeflZaldehYde (225) (0.28 g, 1.20 mmol) 
was dissolved in 'super-dry' ethanol (5 cm 3) and heated to 40 O.  p.. 
Tosylhydrazide (0.22 g, 1.2 mmol) was also dissolved in 'super-dry' 
ethanol (10 cm 3) and heated to 40 °C. The two solutions were then mixed 
and a drop of concentrated hydrochloric acid was added. The reaction 
was monitored by TLC (silica, 10% ethyl acetate in hexane) and after 
stirring at 40 OC in the dark for 4 h all the starting material had been 
consumed. The solvent was removed in vacuo and then recrystallised 
from ethanol to give the product as an orange solid (0.43 g, 89%). mp 
101-104 °C (dec.) (ethanol) (Found: C, 72.0; H, 5.1; N, 7.3. C24H22N202S 
requires C, 71.6; H, 5.5; N, 7.0%); Vmax (solution in CDC13)/cm' 1382.0, 
1162.9 (SO2); oH (250 MHz, CDCI3) 2.32 (3 II, s, Me), 5.21 (1 H, d, 3J  10.9 
Hz, styryl), 5.71 (1 H, d, 3J 17.2 Hz, styryl), 6.44 (1 H, dd, 3 J 10.9 Hz, 3J 
17.2 Hz, styryl), 6.75 (1 H, d, 3J 16.1 Hz, olefinic), 6.71-7.80 (13 H, m, 12 
aromatic and 1 styryl), 8.19 (1 H, s, CH=N), 8.48 (1 H, br.s, NH); Sc (63 
MHz, CDC13) 21.4 (CH3), 117.8 (CH2), 125.1 (CH), 126.7 (CH), 126.7 (2 x 
CH), 127.0 (quat.), 127.6 (2 x CH), 128.5 (2 x CH), 129.4 (CH), 129.4 (2 x 
CH), 130.3 (CH), 132.3 (CH), 132.6 (CH), 135.1 (quat.), 135.5 (quat.), 
136.0 (quat.), 136.3 (quat.), 143.9 (quat.), 144.8 (CHN); m/z (FAB) 
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403(M+1, 32%), 325(18), 281(22), 247(22), 233(65), 193(83), 91(93); 
Found: 403.1472. C24H22N202S requires M+1 403.1472. 
SODIUM SALT OF 2-(E-2-PHENYLETHENYL)-6-
ETHENYLBENZALDEHYDE TOSYLHYDRAZONE (227) 
2(E2Phenyletheny1)-6-ethenylbenZaldehYde tosylhydrazone (226) (0.27 
g, 0.68 mmol) was dissolved in 'super-dry' ethanol (30 cm 3). Freshly 
prepared sodium ethoxide (0.68 mol dm 3 solution in ethanol, 0.91 cm 3 , 
0.61 mmol) was added and the mixture was stirred in the dark, under 
nitrogen, for 3 h. The solvent was then evaporated to dryness without 
heating above 30 OC. The sodium salt was further dried over phosphorus 
pentoxide, under high vacuum in the dark overnight to give the dry 
sodium salt (0.26 g, 0.61 mmol). 
THERMAL DECOMPOSITION OF THE SODIUM SALT OF 2-(E-2-
PHENYLETHENYL)6ETHENYLBENZALDEHYDE 
TOSYLHYDRAZONE 
Freshly distilled ethylene glycol dimethyl ether (40 cm 3) was added to the 
dried sodium salt (0.26 g, 0.61 mmoles) and the solution was heated to 50 
0C with stirring under nitrogen in the dark. The reaction was monitored 
by HPLC (5% ether in hexane) and after 3 h had gone to completion. The 
solvent was coevaporated with chloroform (2 x 20 cm 3) under reduced 
pressure and water (20 cm 3) and ether (40 cm 3) were added. The aqueous 
layer was extracted with DCM (2 x 15 cm 3) and the combined organic 
layers were dried over magnesium sulphate, filtered and then evaporated 
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to dryness to give a yellow solid. HPLC analysis of the crude yellow 
product showed two main products in the ratio 4.8:1. The two products 
were then separated by dry flash chromatography. The major product 
was determined to be 9-(E-2-phenylethenyl)- JH-2,3-benzodiazepine (229) 
which was a bright yellow crystalline solid (0.09 g, 62%). mp 112-114 0C 
(hexane/ethanol) (Found: C, 82.7; H, 6.0; N, 11.8. C17H14N2 requires C, 
82.9; H, 5.7; N, 11.4%); &H (250 MHz, CDC13) 2.80 (1 H, d, 2J  9.7 Hz, Hax), 
6.73 (1 H, d, 3J9.0 Hz, CHN=N), 6.86(1 H, d, 2J9•7 Hz, Heq), 7.15 (1 H, d, 
3J 16.1 Hz, olefinic), 7.16- 7.87 (9 H, m, 8 aromatic and 1 olefinic), 8.17 (1 
II, d, 3J 16.1Hz, CH=CIIN=N), Sc (63 MHz, CDC13) 64.7 (CH2), 119.6 
(CH), 123.6 (quat.), 125.1 (CH), 126.7(2 x CH), 126.8 (CII), 127.4 (CH), 
128.0 (OH), 128.6 (2 x CH), 129.4 (CH), 133.2 (CH), 134.8 (quat.), 136.3 
(quat.), 136.9 (quat.), 140.6 (CH-N=N); m/z (El) 246(M, 26%), 218(71), 
217(90), 203(50), 202(77), 189(23); 139(24); Found: 246.1156. C17II14N2 
requires M 246.1157. The minor product was found: to be 9-ethenyl-4-
phenyl-JH-2,3-benzodiazepine (230) which was also yellow crystalline 
solid (0.02g, 13%). mp 90-92 OC (dec.)(hexane/ethanol); Found: C, 82.5; II, 
5.4; N 11.8. C17H14N2 requires C, 82.9; II, 5.7; N, 11.4%); SH (250 MHz, 
CDC13) 2.82 (1 II, d, 3J  9.3 Hz, Hax), 5.57 (1 H, dd, 2J  1.3 Hz, J 10.8 Hz, 
styryl), 5.83 (1 H, dd, 2J  1.3 Hz, J 17.5 Hz, styryl), 6.79 (1 II, d, V 9.3 
Hz, Heg), 7.01 (1 H, s, CH-CN2), 7.01-7.97 (9 H, m, 8 aromatic and 1 
styryl); 8c (63 MHz, CDC13) 65.2 (OH2, CH2N2), 115.3 (OH, CH=CN2), 
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118.5 (CII2, styryl), 123.8 (quat.), 126.2 (2 x CH), 127.2 (CH), 128.5 (CH), 
128.6 (CH), 128.7 (2 x CH), 132.4 (CH), 134.4 (quat.), 135.4 (quat.), 137.0 
(quat.), 151.5 (quat., CN2); m/z (FAB) 247(M+1, 15%), 265(15), 260(16), 
258(17), 247(100), 243(25), 239(29), 235(77), 233(49), 229(37), 227(30), 
218(39), 217(50), 205(62), 203(61), 191(40), 179(30), 165(33), 152(48), 
141(39), 115(60); found 247.1230, C17H14N2 requires M+1 247.1235. 
R = Methyl 
2-(E-2-PHENYLETHENYL)-6-(E-2-METHYLETHENYL) 
BROMOBENZENE (231) 
To a solution of ethyltriphenyiphosphonium bromide (9.26 g, 24.95 mmol) 
in TIIF (100 cm 3) was added dropwise n-buyllithium (2.50 moles dm -3  in 
hexanes, 10.0 cm 3, 25.0 mmol) producing a bright orange colouration. 
The mixture was stirred at room temperature for 1 h under nitrogen and 
2-bromo.3-(E-2-phenylethenyl)benzaldehyde (3.23 g, 11.24 mmol) in TIIF 
(50 cm3) was added dropwise with stirring over a period of 30 mm. The 
reaction was monitored by TLC (silica, 5% ethyl acetate in hexane) and 
after stirring for 6 h under nitrogen had gone to completion. The reaction 
was evaporated to dryness in vacuo and DCM (100 cm3) and water (50 
cm3) were added. Alter separating the organic layer was dried over 
magnesium sulphate, filtered and the solvent removed in vacuo. Wet 
flash chromatography afforded the product as a white solid (2.81 g, 84%). 
IIPLC and 'H NMR analysis of the product showed it was almost 
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exclusively the trans form (E,E:E,Z ratio 95:5 ). mp 51-52 OC (heptane) 
(Found: C, 68.0; H, 5.3. C 17H15Br requires C, 68.2; H, 5.1%); 811 (200 
MHz, CDC13) 1.95 (3 H, dd, 3J  6.7 Hz, 4J  1.7Hz, Me), 6.18 (1 H, dq, 'J 6.7 
Hz, 3J  15.6 Hz, olefinic), 6.85 (1 H, dd, 3J 15.6Hz, 4J  1.7 Hz, olefinic), 6.99 
(1 H, d, 3J  16. 1Hz, olefinic), 7.22- 7.63 (9 H, m, 8 aromatic and 1 olefinic); 
8c (63 MHz, CDC13) 18.6 (CH3), 124.6 (quat.), 125.2 (CH), 126.0 (CH), 
126.7 (2 x CH), 127.1 (CH), 127.8 (CH), 128.4 (CH), 128.6 (2 x CH), 128.9 
(CH), 130.6 (CH), 131.3 (CH), 137.0 (quat.), 137.8 (quat.), 138.7 (quat.); 
m/z (El) 300(Mt 94%), 298(100), 219(43), 218(16), 217(23), 215(20), 
204(58), 203(69), 202(60), 192(11), 191(61), 190(19), 189(27), 179(24), 




To 2-(E-2-phenylethenyl)-6-(E-2-methylethenyl)bromobeflzene (231) (0.54 
g, 1.82 mmol) in THF (12 cm3) under nitrogen at -78 OC was added n-
butyffithium (2.50 mol dm 3 solution in hexanes, 0.8 cm 3, 2.0 mmol) 
dropwise with stirring. After 2 min NN-dimethylformamide (0.16 g, 2.18 
mmol) was added and the reaction was left stirring at -78 °C. The 
reaction was allowed to warm up to 0 0C and stirred for 1 h before being 
warmed to room temperature. After 30 min stirring at room temperature 
saturated aqueous ammonium chloride solution (10 cm 3) and ether (20 
cm3) were added. The organic layer was separated and then dried over 
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magnesium sulphate, filtered and evaporated to dryness under reduced 
pressure. Dry flash chromatography (silica, 0-5% ethyl acetate in 
hexane) gave the product as a white crystalline solid (0.28 g, 63%). mp 
71-73 °C (hexane/ethyl acetate) (Found: C, 86.8; H, 7.0. C18H160 requires 
C, 87.0; H, 6.5%); Vmax (Nujol)/cm - ' 1697.4 (C=O); SH (250 MHz, CDC13) 
1.95 (3 H, dd, 4J  1.7 Hz, V 6.6 Hz, Me), 6.07 (1 H, dq, V 6.6Hz, 3J  15.6 
Hz, olefinic), 6.98 (1 H, dd, 4J  1.7 Hz, V 15.6 Hz, olefinic), 6.99 (1 H, d, J 
16.1 Hz, olefinic), 7.25-7.57 (8 II, m, aromatic), 7.82 (1 H, d, V 16.1 Hz, 
oleflnic), 10.51 (1 H, s, CR0); Sc (63 MHz, CDC13) 18.7 (CR3), 125.9 (CH), 
126.2 (CH), 126.7 (2 x CH), 126.7 (quat.), 127.0 (CH), 127.1 (CH), 127.9 
(CH), 128.5 (2 x CH), 132.0 (CH), 132.5 (CH), 133.2 (CH), 136.8 (quat.), 
139.5 (quat.), 141.5 (quat.), 193.6 (CHO); m/z (El) 248(M, 27%), 233(33), 
220(29), 219(15), 215(14), 205(20), 203(19), 202(18), 191(17), 178(22), 
151(13); Found: 248.1201. C18H160 requires W 248.1201. 
2-(E-2-PHENYLETHENYL)-6-(E-2-METHYLETHENYL) 
BENZALDEHYDE TOSYLHYDRAZONE (233) 
To 	a 	solution 	of 	2-(E-2-phenylethenyl)-6-(E-2-methylethenyl) 
benzaldehyde tosylhydrazone (0.48 g, 1.97 mmol) in 'super-dry' ethanol 
(25 cm3) was added p-tosylhydrazide (0.37 g, 1.97 mmol) and 1 drop of 
concentrated hydrochloric acid. The reaction was stirred at 40 °C, under 
nitrogen, in the dark and was monitored by TLC (silica, 10% ethyl acetate 
in hexane). After 5 h the reaction had gone to completion and the solvent 
was removed in vaeuo to give the crude product. Recrystallisation from 
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ethanol gave the product as a yellow solid (0.73 g, 89%). mp 104-105 °C 
(ethanol) (Found: C, 71.6; H, 6.1; N, 6.6. C25H24N202S requires C, 72.1; 
H, 5.8, N, 6.7%); Vmax (Nujol)/cm1 1310.3, 1152.7 (SO2); 6F1 (250 MHz, 
CDC13) 1.75 (3 H, d, V 5.1 Hz, Me), 2.29, 2.30 (3 H, s x 2, syn and anti-
forms, tosyl Me), 6.15 (1 H, dq, 3J  15.1 Hz, V 5.1 Hz, olefinic), 6.74 (1 H, 
d, 3J  16.1 Hz, olefinic), 6.82-7.75 (14 H, m, 2 olefinic and 12 aromatic), 
7.79 (1 H, s, CH=N), 8.20 (1 H, s, NH); Gc (63 MHz, CDC13) 18.57 (CH3), 
21.41 (tosyl CH3), 124.0 (CH), 124.1 (CH), 124.9 (CH), 125.9 (quat.), 126.7 
(CH), 126.7 (2 x CH), 127.5 (2 x CH), 127.8 (quat.), 128.0 (CH), 128.5 (2 x 
CH), 129.5 (2 x CH), 130.0 (CH), 130.1 (CH), 132.1 (CH), 135.1 (quat.), 
135.2 (quat.), 136.4 (quat.), 143.9 (quat.), 145.3 (CH=N); m/z (FAB) 
417(M+1, 100%), 416(15), 401(26), 339(15), 275(17), 266(21), 265(30), 
264(25), 263(38), 262(23), 261(40), 248(34), 247(33), 246(36), 234(48), 
233(46), 232(74), 231(48), 230(28), 217(57), 215(64), 205(22), 204(22), 
203(28), 202(27); Found: 417.1655. C25H24N202S requires (M+1) 
417.1647. 
SODIUM SALT OF 2-(E-2-PHENYLETHENYL)-6-(E-2-
METHYLETHENYL) BENZALDEHYDE TOSYLHYDRAZONE (234) 
2-(E-2-Phenylethenyl)-6-(E-2-methylethenyl)benzaldehyde 
tosylhydrazone (0.36 g, 0.87 mmol) was dissolved in 'super-dry' ethanol 
(15 cm 3). Sodium ethoxide (0.78 mol dm -3  solution in ethanol, 1.0 cm3 , 
0.78 mmol) and a drop of concentrated hydrochloric acid were then added. 
The solution was then stirred in the dark under nitrogen at 40 OC for 1.5 
I, 
b1 
h. The solvent was then removed in vacua and the sodium salt was 
further dried under high vacuum over phosphorus pentoxide overnight to 
give the product (0.34 g, 0.79 mmol). 
THERMAL DECOMPOSITION OF THE SODIUM SALT OF 2-(E-2-
PHENYLETHENYL)-6-(E-2-METHYLETHENYL) BENZALDEHYDE 
TOSYLHYDRAZONE 
To the dried sodium salt (0.34 g, 0.79 mmol) was added freshly distilled 
DME (30 cm3) and the reaction was heated to 50 OC with stirring while 
under nitrogen. The reaction was monitored by HPLC (30% ether in 
hexane) and after 1.5 h had gone to completion. The DME was 
coevaporated with chloroform after which ether (30 cm 3) and water (20 
cm3) were added. After separating, the aqueous layer was extracted with 
ether ( 2 x 10 cm 3). The combined organic fractions were then dried over 
magnesium sulphate, filtered and the solvent was removed in vacua to 
give the product as a bright yellow solid. HPLC and 1H NMR analysis of 
the crude product showed a mixture of 2 main products in the ratio 
8.3:91.7. The two products were then separated by dry flash 
chromatography (silica, 0-5% ethyl acetate in hexane). The main product 
was found: to be 
(237) (0.18 g, 88%). mp 81-82 OC (hexane); (Found: C, 83.1; H, 6.1; N, 
10.8. C18H16N2 requires C, 83.0; H, 6.2; N, 10.8%); oH (250 MHz, CDC13) 
2.57 (3 H, d, 3J  1.2 Hz, CH3), 2.76 (1 H, d, 3J 9.5 Hz, Hax), 6.55 (1 H, s, 
CHCHMe), 6.76 (1 H, d, 3J  9.5 Hz, Heq), 7.14 (1 H, d, 3J  16.0 Hz, 
olefinic), 7.31-7.79 (8 H, m, aromatic), 7.84 (1 H, d, 3J  16.0 Hz, olefinic); 
8c (63 MHz, CDC13) 21.2 (Me), 64.5 (CH2), 116.6 (QH=CHMe), 122.6 
(quat.), 125.1(CH), 126.4 (CH), 126.5 (2 x CH), 127.2 (CH), 127.8 (CH), 
128.1 (CH), 128.5 (2 x CH), 132.6 (CH), 134.5 (quat.), 135.8(quat.), 
136.9(quat.), 150(quat.); rn/z (FAB) 261(M+1, 20%), 221(11), 217(11), 
215(17), 193(10), 193(10), 191(20), 165(13), 149(11), 147(20), 133(93), 
129(10), 115(12), 105(15), 91(34), 90(34); Found: 261.1402. C18H16N2 
requires M+1 261.1392. The minor product was found to be 9-(E-2-
methylethenyl)-4-phenyl- 1H-2, 3-benzodiazepine (238) (16 mg, 6.9%). mp 
98-100 OC (hexane/ethyl acetate) (Found: C, 83.3; H, 6.1; N, 10.5. 
C18H16N2 requires C, 83.0; H, 6.2; N, 10.8%); 8H (250 MHz, CDC13) 1.75 (3 
H, dd, 4J  1.7 Hz, V 6.9 Hz, Me), 2.82 (1 H, d, eJ 9.2 Hz, Hax), 6.11 (1 H, 
d, V 11.3 Hz, V 6.9 Hz, olefinic), 6.70 (1 II, d, V 9.2 Hz, He q), 6.90 (1 H, 
dd, 4J  1.7 Hz, V 11.3 Hz, oleflnic), 7.00 (1 H, s, olefinic), 6.77-7.96 (8 H, 
m, aromatic); bc (63 MHz, CDC13) 18.8 (CII3), 65.7 (CH2), 115.0 
(H=CN=N), 123.5 (quat.), 126.1 (2 x CH), 126.4 (quat.), 127.0 (CH), 
127.1 (CH), 127.4 (CH), 128.6 (CH), 128.7 (2 x CH), 129.6 (CH), 131.8 
(CH), 136.0 (quat.), 137.0 (quat.), 151.9 (quat.); m/z (FAB) 261(1W+1, 
100%), 260(28), 252(13), 249(11), 248(13), 247(25), 246(42), 245(27), 
233(46), 232(24), 231(23), 230(14), 203(34), 202(48), 189(21), 158(33), 
156(23), 141(27), 128(43), 52(57); found 261.1406. C18H16N2 requires 
M+1 261.1392. 
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R = Pentafluorophenyl 
PENTAFLUOROBENZYL BROMIDE (241) 
Pentafluorotoluene (9.45 g, 51.90 mmol), N-bromosuccinimide (9.24 g, 
51.90 mmol) and benzoyl peroxide (1.25 g, 5.19 mmol) were heated at 
reflux together in carbon tetrachloride (100 cm 3) for 2 h. The reaction 
was allowed to cool down to room temperature and the succinimide was 
filtered off. The solvent was removed in vacuo and the product was 
purified by Kugelrohr distillation to give the product as a clear oil (9.49 g, 
70.0%). bp 30 0C (oven temperature) /0.05mmHg, lit., 132 174-175 °C; oH 
(200 MHz, CDCI3) 4.49 (2 H, s, CH2); Oc (50 MHz, CDC13) 15.8 (CH2Br), 
111.6-147.6 (6 C, m, aromatic C); m/z (El) 262 (Mt 4%), 260(M, 4), 181 
(100). 
DIETHYL PENTAFLTJOROBENZYLPHOSPHONATE (240) 
Triethyl phosphite (8.74 g, 52.6 mmol) was heated to 110 OC and then 
pentafluorobenzyl bromide (7.37 g, 40.5 mmol) was slowly added while 
maintaining the temperature at 110 OC. The ethyl bromide formed 
during the reaction was distilled off as it was produced. After heating at 
110 OC  for 1 h the reaction was complete. Kugebohr distillation of the 
reaction gave the product as a colourless oil (11.1 g, 73%). bp 50 0C /0.05 
mmHg lit.,133  108 OC/ 0.3 mmHg; Vmax (film)/cm' 1271.8 (P0); OH (250 
MHz, CDC13) 1.18 (6 H, t, e1 7.1 Hz, Me), 3.10 (2 H, d, 2J  21.2 Hz, benzyl 
CH2), 4.00 (4 H, q, 3J 7.1 Hz, ethyl CH2); Oc (63 MHz, CDC13) 15.8 (d, V 
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6.2 Hz, Me), 20.6 (d, 'J 42.8 Hz, benzyl CH2), 62.3 (d, 2J  6.7 Hz, ethyl 
CH2) 106.4-146.8 (6 C, m, aromatic carbons); 8p (101 MHz, CDCI3) 22.31 
(P=O); rn/z (El) 318(18%), 270(11), 194(10), 181(59), 137(34), 109(100), 
91(19), 81((53). 
ATTEMPTED SYNTHESIS OF 2-(E-2-PENTAFLUORO 
PHENYLETHENYL)-6-(E-2-PHENYLETHENYL) 
BROMOBENZENE (245) (via sodium methoxide/DMF method) 
Diethyl pentafluorobenzylphosphonate (0.67 g, 2.10 mmol) was added to 
2-bromo-3-(E-2-phenylethenyl)benzaldehYde (0.60 g, 2.10 mmol) in N,N-
dimethylformamide (20 cm 3) and stirred together for 5 min. Sodium 
methoxidé (0.17 g, 3.15 mmol) was added to the solution which led to the 
formation of an orange colouration and the evolution of heat. The 
solution was left stirring under nitrogen for 14 h after which time water 
(20 cm3) was added causing a yellow solid to precipitate from solution. 
The solid was filtered off, washed with water and dissolved in DCM (40 
cm3). The solution was then dried over magnesium sulphate and passed 
through a pad of activated alumina. The solvent was then removed in 
vacuo to leave a pale yellow solid. TLC showed the solid was a mixture of 
components and these were then separated by dry flash chromatography 
(silica, 5% ethyl acetate in hexane). The major product was 2-(E-2-
(2,3, 5,6tetrafluoro-4-methoxyphenyl)ethenyl)-6-(E-2-phenylethenyl) 
bromobenzene (0.48 g, 44%). mp 156-158 OC (ethyl acetate/hexane) 
(Found: m/z (FAB, thioglycerol) 465.0313. C23H1581BrF40 requires M+1 
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465.0388); SH (250 MHz, CDC13) 4.06 (3 II, s, OMe), 6.88 (1 H, d, V 16.6 
Hz, olefinic), 7.00 (1 H, d, eI 16.2 Hz, olefinic), 6.98-7.61 (9 H, m, 8 
aromatic and 1 olefinic), 7.86 (1 H, d, 3J  16.6 Hz, olefinic); Sc (63 MHz, 
CDC13) 61.99 (OMe), 116.3 (CH), 125.8 (CH), 126.6 (CH), 126.7 (2 x CH), 
127.3 (CH), 127.6 (quat.), 127.8 (quat.), 127.9 (CH), 128.0 (CH), 128.6 (2 x 
CH), 131.6 (quat.), 131.8 (CH), 135.2 (quat.), 135.3 (quat.), 135.5 (quat.), 
136.8 (CH), 138.0 (2 x quat.), 138.3 (2 x quat.); SF (235 MHz, CDC13) - 
155.91 (2F, m, ortho to OMe), -144.22 (2F, in, meta to OMe); m/z (El) 
464(M, 32%), 462(M, 33), 319(22), 205(14), 204(24), 203(100), 202(50), 
193(30), 191(16), 190(22), 189(30), 178(37). 
MODEL REACTIONS ON PENTAFLUOROBENZYLDIETHYL 
PHOSPHONATE WADSWORTH-EMMONS REACTION 
VIA SODIUM METHOXIDE/DMF METHOD 
To a mixture of diethyl pentafluorobenzylphosphonate (0.50 g, 1.57 mmol) 
and benzaldeyde (0.17 g, 1.57 mmol) in DMF (15 cm 3) was added sodium 
methoxide (0.09 g, 1.60 mmol) and the reaction was then stirred under 
nitrogen for 3 h. The solvent was removed under high vacuum and DCM 
(50 cm3) and water (25 cm 3) were added. The organic layer was dried 
over magnesium sulphate, filtered and evaporated to dryness under 
reduced pressure to give a brown oil. The product was purified by wet 
flash chromatography (silica, hexane) to give a trans-2,3,5,6-tetrafluoro-4-
methoxystilbene (243) (0.12 g, 29%). (Found: m/z (FAB, thioglycerol) 
283.0729. C15HnF40 requires M+1 283.0746); oH (250 MHz, CDC13) 4.10 
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(3 H, s, OMe), 7.00 (1 H, d, 3J  16.8 Hz, olefinic), 7.25- 7.54 (5 H, m, 
aromatic), 7.40 (1 H, d, V 16.8 Hz, olefinic); 8c (63 MHz, CDC13) 62.0 
(OMe), 113.3 (CH), 126.6 (2 x CH), 128.6 (2 x CH), 135.7 (CH), 135.8 
(quat.), 136.7 (CH); SF (235 MHz, CDC13) -159.37 (2F, m, ortho to OMe), - 
144.61 (2F, m, meta to OMe); m/z (FAB, thioglycerol) 283(M+1, 60%), 
269(18), 268(24), 267(20), 219(19), 217(55), 215(15), 207(16), 201(15), 
199(13), 193(17), 181(14), 171(22). 
On increasing the amount of sodium methoxide used the yield of (243) 
increased. 
VIA SODIUM HYDRIDFJDME METHOD 
To a slurry of DME (20 cm 3) and sodium hydride (60% in mineral oil, 93 
mg, 2.32 mmol) was added dropwise with stirring diethyl 
pentafluorobenzylphosphonate (0.74 g, 2.32 mmol). The reaction was 
gently heated until a brown colouration was observed and then 
benzaldehyde (0.25 g, 2.32 mmol) was added dropwise. The reaction was 
then left stirring under nitrogen overnight. The DME was removed in 
vacuo and DCM (50 cm 3) and water (30 cm 3) were added. The organic 
layer was then separated, dried over magnesium sulphate, filtered and 
evaporated to dryness to leave a white solid. Purification was by wet 
flash chromatography (silica, hexane) and gave trans-2,3,4,5,6-
pentafluoro-stilbene (244) as a white solid (0.42 g, 67%). mp 138-140 °C 
(ethanol), lit.,' 139.5-140 0C; Sij (250 MHz, CDC13) 6.98 (1 H, d, V 16.8 
Hz, olefinic), 7.25-7.55 (5 H, m, aromatic), 7.39 (1 H, d, 3J  16.8 Hz, 
iI'i] 
olefinic); 8c (63 MHz, CDC13) 112.5 (CH), 126.7 (2 x CH), 128.7 (2 x CH), 
136.3 (CH), 137.0 (CH), 137.1 (quat.); Sp (235 MHz, CDC13) -170.79 (2F, 
m, meta Fs), -164.36 (iF, t, para F'), -150.56 (2F, m, ortho F's); m/z (El) 




To a solution of diethyl pentafluorobenzylphosphonate (0.79 g, 2.47 
mmol) in DME (30 cm3) was added sodium hydride (60% in oil, 109 mg, 
2.72 mmol) and the mixture was stirred under nitrogen for 1 h. 2-Bromo-
3-(E-2-phenylethenyl)benzaldehyde (0.71 g, 2.47 mmol) in DME (15 cm 3) 
was then added dropwise over 30 min with stirring. The reaction was left 
stirring under nitrogen overnight and then the solvent was removed in 
vacuo to give a brown residue. DCM (50 cm 3) and water (30 cm 3) were 
then added and the aqueous layer was extracted with ether (20 cm 3). The 
organic layers were combined and dried over magnesium sulphate, 
filtered and evaporated to dryness to give the product as a white solid 
(1.20 g, 97%). HPLC (20% ether in hexane) analysis showed the product 
as a mixture of E,E:Z,E in the ratio 68:32. 
The mixture of E,E and E,Z isomers (1.13 g, 2.51 mmol, 68:32) was then 
heated at reflux in heptane (100 cm 3) with iodine (31 mg, 2.51 mmol) for 
48 h under nitrogen until the reaction was complete by HPLC (20% ether 
in hexane). The reaction was then allowed to cool down to room 
195 
temperature and ether (100 cm 3) was added. The solution was washed 
with aqueous sodium thiosulphate (10% w/v, 2 x 20 cm 3) and then water 
(20 cm3), dried over magnesium sulphate, filtered and evaporated to 
dryness, under reduced pressure, to give the title compound as a white 
solid (1.03 g, 91%). mp 170-171 °C (hexane) (Found: C, 58.7; H, 2.6. 
C22H12BrF5 requires C, 58.6; H, 2.7%); SH (200 MHz, CDC13) 6.87 (1 H, d, 
3J 16.7 Hz, olefinic), 7.01 (1 H, d, 3J  16.1 Hz, olefinic), 7.39 (1 H, d, 3J 
16.1 Hz, olefinic), 7.89 (1 H, d, J  16.7 Hz, olefinic), 6.94-7.89 (8 H, m, 
aromatic); Sc (50 MHz, CDC13) 125.9 (CH), 126.7 (2 x CH), 126.9 (CH), 
127.4 (CH), 127.8 (CH), 128.1 (CH), 128.4(CH), 128.6 (2 x CH), 129.6 
(quat.), 131.2 (quat.), 132.0 (CH), 136.7 (CH), 137.6 (quat), 138.4 (quat); 
ap (235 MHz, CDC13) -142.56 (2 F, m, ortho), -155.85 (1 F, m, para), 
162.91 (2 F, m, meta); m/z (El) 452(1W, 89%), 450(M 1-, 88), 371(24), 
369(11), 351(10), 350(10), 203(38), 202(17), 193(16), 191(11), 190(36), 
189(23), 181(18), 178(24), 169(15), 131(26), 119(27); found: 450.0038. 
C22H1279BrF5 requires 450.0042. 
ATTEMPTED SYNTHESIS OF 2-(E-2-
PENTAFLUOROPHENYLETHENYL)-6-(E-2-PHENYLETHENYL) 
BENZALDEHYDE (246) 
To a solution of 2-(E-2-pentafluorophenyl)-6-(E-2-phenylethenyl) 
bromobenzene (196) (1.08 g, 2.42 mmol) in THF (50 cm 3), at -78 °C under 
nitrogen, was added dropwise with stirring, n.-butyllithium (2.30 moles 
dm 3 solution in hexanes, 1.10 cm 3, 1.54 mmol). After 5 minutes dry DMF 
'ii 
(0.71 g, 9.70 mmol) was added and the solution was stirred at -78 °C for a 
further 1 h. The reaction was then warmed to 0 °C and stirred at this 
temperature for 1 h before warming slowly to room temperature. 
Saturated aqueous ammonium chloride (100 cm 3) and ether (150 cm 3) 
were then added. The organic layer was then dried over magnesium 
sulphate, filtered and evaporated to dryness under reduced pressure to 
give a brown oil. Subsequent analysis of this oil found that there was 
none of the desired product present but was mostly the hydrocarbon by-
product. 
Many attempts were made to synthesise the desired products including 
via the Grignard, using different formylating agents, organolithiums, 
temperatures and length of reaction time but the desired product was 
never isolated in any appreciable amount. 
ATTEMPTED SYNTHESIS OF DIETHYL 2.2.2-TRIFLUORO-
ETHANEPHOSPHONATE (249) 
2,2,2-Trifluoroethylbromide (1.00 g, 6.13 mmol) and triethyl phoshite 
(5.00 cm3) were heated together in a sealed tube at 80 OC for 5 h. After 
this time the reaction was cooled down to room temperature and any 
unreacted 2,2,2-triiluoroethylbromide was removed in vacuo. 'H NMR 
analysis of the crude reaction material showed that no product was 
present. 
The reaction was repeated several times using, different temperatures, 
pressures, reagent ratios but none of which afforded any product. 
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ATTEMPTED SYNTHESIS OF 2.2.2-TRIFLUOROETHTYL 
TRIPHENYLPHOSPHONIUM BROMIDE (250) 
2,2,2-Trifluoroethyibromide (1.00 g, 6.13 mmol) and triphenyiphos-
phonium bromide (1.61 g, 6.13 mmol) were stirred together in DMF (10 
cm3) at 0 OC for 5 h. Any unreacted 2,2,2-trifluoroethyl bromide was then 
removed in vacuo and water (100 cm 3) and DCM (30 cm 3) were added. 
The organic layer was separated, dried over magnesium sulphate and 
then evaporated to dryness. 1H NMR analysis of the crude reaction 
material showed that no product was present. 
The reaction was attempted using many different sets of conditions but 
none of them afforded the desired product. 




A mixture of 2b rorno6(E2-phenylethenyl)benZaldehYde (199) (3.04 g, 
10.59 mmol), ethylene glycol (6.57 g, 105.92 mmol) and p-
toluenesulphonic acid (0.16 g, 1.06 mmol) were heated at reflux in toluene 
(130 cm 3) using a Dean-Stark apparatus. The reaction was followed by 
TLC (alumina, 10% ethyl acetate in hexane) and after 6 h had gone to 
completion. The reaction was allowed to cool down and was then washed 
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with aqueous sodium hydroxide solution (10% wlv, 30 cm3) and water (2 x 
20 cm3). The organic layer was then passed through a thick pad of 
alumina and the solvent was removed in vacuo to give a brown solid. 
Recrystallisation from ethyl acetate and hexane gave the product as a 
white crystalline solid (3.12 g, 89%). mp 83-84 0C (hexane/ethyl acetate) 
(Found: C, 61.3; H, 4.5. O17H15BrO2 requires C, 61.6; H, 4.6%); 311 (250 
MHz, CDO13) 4.04-4.19 (4 II, m, 2 x en2), 6.23 (1 H, s, CH02), 7.02 (1 H, 
d, 3J 16.2 Hz, olefinic), 7.28-7.69 (9 H, m, 1 olefinic and 8 aromatic); Sc 
(63 MHz, CDO13) 65.2 (2 x OH2), 102.7 (CH02), 124.4 (quat.), 126.5 (OH), 
126.6 (2 x OH), 127.1 (CH), 127.5 (CH), 127.6 (CH), 127.9 (CH), 128.5 (2 x 
CH), 131.7 (OH), 136.7 (quat.), 137.4 (quat.), 138.0 (quat.); m/z (El) 
332(M, 63%), 331(40), 330(1V1t65), 329(44), 274(10), 272(10), 189(12), 
185(43), 179(16), 178(35), 173(20), 157(54), 131(11), 130(34), 129(11), 
104(14), 103(51), 95(19), 90(18), 77(21), 76(26); found: 330.0246. 
O17H1579BrO2 requires 330.0256 
BENZALDEHYDE (253) 
To a solution of 2.(2bromo-3-(E-2-phenylethenyl)Phenyl) 1,3-dioxolane 
(252) (0.76 g, 2.30 mmol) in THF (20 cm 3) at -78 00 was added dropwise 
with stirring n-butyllithium (2.20 mol dm -3  solution in hexanes, 1.14 cm 3 , 
1.52 mmol). The reaction was kept at -78 °C, under nitrogen, for 30 mm 
and then NN-dimethylformamide (0.42 g, 5.74 mmol) was added. The 
mixture was stirred at -78 °C for a further 1 h and then was allowed to 
199 
warm up to 0 °C. After stirring at 0 °C for 1 h the reaction was stirred at 
room temperature for a further 30 min and then ether (50 cm 3) and 
saturated aqueous ammonium chloride solution (25 cm 3) were added. 
The layers were separated and the aqueous layer was -then extracted with 
ether (2 x 10 cm 3). The combined organic layers were then dried over 
magnesium sulphate, filtered and evaporated to dryness under reduced 
pressure to give an orange oil. Dry flash chromatography (alumina, 10% 
ethyl acetate in hexane) afforded the product as a yellow oil which 
decomposed on heating. (0.46 g, 72%). (Found: C, 77.0; H, 5.8. C18H1603 
requires C, 77.1; H, 5.8%); Vmax (Nujol)/cm 1 1576.8 (CO); 8H (250 MHz, 
CDC13) 4.01-4.15 (4 H, m, 2 x CH2), 6.29 (1 H, s, CH02), 6.95 (1 H, d, 3J 
16.1 Hz, olefinic), 7.25-7.69 (8 H, m, aromatic), 7.73 (1 H, d, J 16.1 Hz, 
olefinic), 10.61 (1 H, s, CHO); öc (63 MHz, CDC13) 65.1 (2 x CH2), 101.2 
(CH02), 125.7 (OH), 125.8 (OH), 126.7 (2 x CH), 128.0 (CH), 128.3 (OH), 
128.5 (2 x CH), 132.2 (CH), 132.3 (quat.), 133.5 (CH), 136.7 (quat.), 139.1 
(quat.), 139.6 (quat.), 193.2 (CHO); m/z (FAB) 281(M+1, 65%), 280(18), 
279(40), 253(18), 251(23), 238(22), 237(100), 236(16), 235(45), 221(24), 
220(21), 219(53), 207(16), 203(17), 202(18), 193(17), 192(16), 191(39), 
189(24), 179(26), 178(39), 165(28), 131(19), 115(24), 105(22), 91(62); 
found: 281.1178. C18H1603 requires M+1 281.1178. 
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ATTEMPTED SYNTHESIS OF 2-(1-3-DIOXOLAN-2-YL)-6-(E-2-
PHENYLETHENYL) BENZALDEHYDE TOSYLHYDRAZONE (254) 
To a solution of 2-(1-3-dioxolan-2-yl)-6-(E-2-phenylethenyl)benzaldehyde 
(253) (0.50 g, 1.79 mmol) in 'super-dry' ethanol (20 cm 3) was added p-
tosylhydrazide (0.32 g, 1.79 mmol) also dissolved in 'super-dry' ethanol 
(20 cm3). A drop of concentrated hydrochloric acid was added and the 
reaction was stirred • at 35 OJ,  under nitrogen, in the dark and was 
monitored by TLC (silica, 20% ethyl acetate in hexane). After 6 h all the 
starting material had been consumed and the solvent was then removed 
in vacuo to leave a dark green oil. Further purification of this oil proved 
impossible and 1 11 NM}t of this crude material showed that there was no 
product present. 
The above experiment was repeated with dilute hydrochloric acid, p-





2-Bromo-3-(E-2-phenylethenyl)benzaldehyde (199) (2.10 g, 7.32 mmol), 
ethane-1,2-dithiol (1.03 g, 10.98 mmol) and 1 drop of boron trifluoride 
etherate in DCM (40 cm 3) were stirred under nitrogen. The reaction was 
monitored by TLC (silica, 5% ether in hexane) and after 48 h had gone to 
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completion. The solution was then washed with aqueous sodium 
hydroxide (2 mol dm -3, 2 x 15 cm3), dried over magnesium sulphate, 
filtered and the solvent was then removed in vacuo. The excess ethane-
1,2-dithiol was then removed under high vacuum and the product was 
purified by recrystaffising from ethyl acetate and hexane to give a white 
solid (2.33 g, 88%). mp 122-123 °C (hexane/ethyl acetate) (Found: C, 55.9; 
H, 4.1. C17H15BrS2 requires C, 56.2; H, 4.2%); 8u (250 MHz, CDC13) 3.33-
3.51 (4 H, m, 2 x CH2), 6.19 (1 H, s, CHS2), 7.00 (1 H, d, 3J  16.2 Hz, 
olefinic), 7.13-7.83 (9 H, m, 1 olefinic and 8 aromatic); 6c (63 MHz, CDC13) 
39.5 (2 x CH2), 55.5 (CHS2), 125.5 (quat.), 126.2 (CH), 126.6 (2 x CH), 
127.2 (CH), 127.9 (CH), 128.0 (CH), 128.1 (CH), 128.5 (2 x CH), 131.8 
(CH), 136.7 (quat.), 138.0 (quat.), 141.0 (quat); m/z (FAB) 365(MN-1, 
35%), 364(26), 363(M+1, 38), 362(17), 305(21), 303(24), 285(11), 283(12), 
274(17), 273(17), 272(16), 255(18), 225(14), 224(140, 223(21), 221(20), 
219(14), 217(30), 215(21), 201(13), 197(19), 194(15), 192(16), 191(27), 
189(28), 179(23), 178(29), 165(28); found: 364.9840. C17H15 81BrS2 
requires M+1 364.9856. 
ATTEMPTED SYNTHESIS OF 241-3-DITHIOLAN-2-YL)-6-(E-2-
PHENYLETHENYL) BENZALDEHYDE (265) 
(via n-BuLi/DMF method) 
To a solution of 2(2.bromo-3-(E-2-phenylethenyl)phenyl)- 1, 3-dithiolane 
(263) (0.75 g, 2.06 mmol) in THF (30 cm 3) at -78 OC was added ii-
butyllithium (2.18 mol dm- 3 solution in hexanes, 0.94 cm 3, 2.06 mmol) 
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dropwise. After 30 s dry NN-dimethylformamide (0.60 g, 8.22 mmol) was 
added and the mixture was stirred at -78 00 for a further 1 h. The 
reaction was then warmed to 0 00 and after stirring for 30 min saturated 
aqueous ammonium chloride solution (20 cm 3) was added to quench. 
Ether (30 cm3) was then added and the organic layer was separated, dried 
over magnesium sulphate, filtered and evaporated to dryness under 
reduced pressure. Dry flash chromatography (silica, 0-10% ethyl acetate 
in hexane) gave the title compound as a yellow oil which decomposed on 
distillation (0.06 g, 9%). (m./z (El) Found: 312.0641. 018H160S2 requires 
M 312.0643); Vmax (Nujol)/cm' 1683.9 (0=0); oH (250 MHz, ODd3) 3.32-
3.50 (4 H, m, 2 x OH2), 6.45 (1 H, s, OHS2), 6.87 (1 H, d, J  16.1 Hz, 
olefinic), 7.11-7.96 (8 H, m, aromatic), 7.54 (1 H, d, 3J  16.1 Hz, olefinic), 
10.63 (1 H, s, OHO); Oc (63 MHz, CDC13) 39.7 (2 OH2), 51.8 (OHS2), 124.9 
(OH), 126.6 (2 x OH2), 127.6 (OH), 128.1 (OH), 128.2 (CH), 128.6 (2 x CH), 
131.1 (quat.), 132.7 (OH), 135.0 (OH), 136.4 (quat.), 141.3 (quat.), 142.3 
(quat.), 193.2 (OHO): m/z (El) 312(Mt 54%), 285(100), 252(22), 250(41), 
236(29), 207(34), 177(99). 
The other material present was an inseparable mixture of starting 
material (263) and the hydro-de-bromination product formed, 2-(3-(E-2-
phenylethenyl)phenyl)- 1, 3-dithiolane (264). This material was 
characterised by mass spectrometry (both nominal and high resolution 
El) and comparison of 1H  and 13C NMR with similar compounds. 
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MODEL STUDIES ON FORMYLATION OF 1,3-DITHIOLANES 
2(2BROMOPHENYL)-1.3-DITHIOLANE (267) 
Ethane-1,2-dithiol (1.84 g, 19.52 mmol), 2-bromobenzaldehyde (3.01 g, 
16.27 mmol) and 1 drop of boron trifluoride etherate were stirred together 
in DOM (60 cm3) at room temperature for 48 h. Sodium hydroxide 
solution (2 mol dm-3  in water, 40 cm 3) was added and the two layers were 
separated. The organic layer was then washed with water (2 x 15 cm 3), 
dried over magnesium sulphate, filtered and evaporated to dryness to 
give the title compound as a clear oil (4.06 g, 96%). bp 70 °C (oven 
temp.)/0.1 mmHg; (Found: 260.9403. C9H9 79BrS2 requires 260.9407); 8H 
(250 MHz, CDC13) 3.30-3.48 (4 H, m, 2 x CH2), 6.04 (1 H, s, CHS2), 7.06-
7.85 (4 H, m, aromatic); Sü (63 MHz, CDC13) 39.5 (2 x CH2), 54.8 (CHS2), 
123.7 (quat.), 127.5 (CH), 128.9 (CH), 129.2 (CH), 132.5 (CH), 140.1 
(quat.); m/z (FAR, thioglycerol) 263(M+1, 94%), 262(15), 261(M+1, 100), 
260(14), 203(21), 202(15), 201(36), 199(24), 181(20), 169(12), 153(25). 
SYNTHESIS OF 	 (268) 
(via n-BuLi/DMF method) 
n,-Butyllithium (2.18 mol dm-3  solution in hexanes, 0.77 cm- 3, 1.68 mmol) 
was added dropwise to a solution of 2-(2-bromophenyl)-1,3-dithiolane 
(267) (0.40 g, 1.53 mmol) in THF (30 cm 3) at -78 °C with stirring under 
nitrogen. After 2 min DMF (0.28 g, 3.83 mmol) was added and the 
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reaction was stirred for a further 30 min at -78 °C before it was allowed to 
slowly warm to 0 OC The reaction was stirred at 0 °C for 1 h before 
saturated aqueous ammonium chloride solution (20 cm 3) and ether (100 
cm3) were added. The ether layer was then washed with water (2 x 10 
cm3), dried over magnesium sulphate, filtered, and evaporated to dryness 
to give a brown oil. Dry flash chromatography (silica, 0-5% ether in 
hexane) separated the 2 products of the reaction. The title compound was 
isolated as yellow solid (0.13 g, 41%). mp 71-72 °C (hexane); (Found: m/z 
(FAB) 211.0252. C10H100S2 requires M+1 211.0251); Vmax (fflm)/cm 1 
1690.0 (C0); 3H (200 MHz, CDC13) 3.25-3.45 (4 H, m, 2 x CH2), 6.59 (1 H, 
s, CHS2), 7.25-7.96 (4 H, m, aromatics), 10.23 (1 H, s, CHO); 8c (50.32 
MHz, CDC13) 39.5 (2 x CH), 50.9 (CHS2), 127.7 (CH), 128.8 (CH), 132.7 
(quat.), 133.4 (CH), 133.5 (CH), 142.6 (quat.), 192.4 (CHO); m/z 
211(M+1, 66%), 210(15), 209(21), 203(11), 191(14), 181(15), 179(16), 
178(14), 177(13), 175(21), 165(27), 161(23), 154(14), 153(14), 151(41), 
149(51), 147(30), 145(15). 
The other product isolated was 2-phenyl-1,3-dithiolane (0.10 g, 37%). 
This product was characterised by comparison to an authentic sample. 
SYNTHESIS OF 	 (268) 
(via lithium_bis_(trimethvtsilvt)amide method 
To 2-(2-bromophenyl)-1,3-dithiolane (0.37 g, 1.42 mmol) in THF (40 cm 3) 
at -78 0C, under nitrogen, was added dropwise with stirring lithium bis- 
205 
(trinaethylsilyl)amide (1 mol dm -3 solution in hexanes, 1.42 cm 3, 1.42 
mmol). The reaction was stirred at -78 °C for 15 min before being 
warmed to 0 0C. Having been stirred at 0 OC for 30 min the reaction was 
then cooled back down to -78 OC and n,-butyllithium (2.30 mol dm -3  
solution in hexanes, 0.62 cm 3, 1.42 mmol) was added dropwise. The 
reaction was stirred for a further 5 min at -78 OC before DMF (0.26 g, 3.34 
mmol) was added. After a further 30 minutes the reaction was warmed 
to and maintained at 0 oc for 0.5 h. Saturated aqueous ammonium 
chloride solution (30 cm 3) and ether (40 cm 3) were then added. The 
organic layer was washed with water (2 x 10 cm 3) and the aqueous layers 
were then extracted with ether (2 x 10 cm 3). The combined organic layers 
were then dried over magnesium sulphate, filtered and the solvent was 
then removed in vacuo to give a pale brown oil. Purification was by dry 
flash chromatography (silica, 0-5% ethyl acetate in hexane) and gave the 
product as a yellow solid (0.21 g, 71%). Spectral details as listed above. 
ATTEMPTED SYNTHESIS OF 2-(1-3-DITHIOLAN-2-YL)-6-(E-2-
PHENYLETHENYL) BENZALDEHYDE (265) (via iithium-bis-
(trimethylsilyl)amide method 
To 2.(2.bromo.3.(E-2-phenylethenyl)phenyl-1,3-dithiOlalle (263) (0.51 g, 
1.40 mmol) in THF (30 cm 3), at -78 °C under nitrogen, was added 
dropwise with stirring lithium bis-(trimethylsilyl)amide (1 mol dm -3  
solution in hexanes, 1.48 cm3, 1.48 mmol). The reaction was stirred at 
-78 °C for 10 min before being warmed to 0 °C. Having been stirred at 0 
OC for 30 min the reaction was then cooled back down to -78 °C and n-
butyllithium (2.30 mol dm-3 solution in hexanes, 0.61 cm 3, 1.40 mmol) 
was added dropwise. The reaction was stirred for a further 15 min at -78 
OC and then DMF (0.26 g, 3.51 mmol) was added. After a further 30 mm 
the reaction was warmed to and maintained at 0 °C for 0.5 h. Saturated 
aqueous ammonium chloride solution (30 cm 3) and ether (40 cm 3) were 
then added. The organic layer was washed with water (2 x 10 cm 3) and 
the aqueous layers were then extracted with ether (2 x 10 cm 3). The 
combined organic layers were then dried over magnesium sulphate, 
filtered and the solvent was then removed in vacuo to give a pale brown 
oil. Purification was by dry flash chromatography (silica, 0-5% ether in 
hexane) which gave the title compound as a white solid (0.04 g, 11%). 
The other major product was 2-(3-(E-2-phenylethenyl)phenyl)- 1,3-
dithiolane (264) (0.22 g, 56%). 
Via tert-butyldimethylsilyl ethers 
ATTEMPTED SYNTHESIS OF 2-BROMO-3-(E-2-PHENYL 
ETHENYL BENZYL ALCOHOL (274) FROM (198) 
2-Bromo.3-(E-2-phenylethenyl)benzy1 bromide (198) (0.50 g, 1.42 mmol), 
sodium carbonate (0.75 g, 7.10 mmol) and tetrabutylammonium bromide 
(46 mg, 0.14 mmol) were heated to reflux in a solution of acetone (20 cm 3) 
and water (10 cm 3) for 72 hours and then allowed to cool down. Diethyl 
ether (100 cm 3) was then added and the two layers were separated. The 
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organic layer was then washed with water (2 x 10 cm 3), dried over 
magnesium sulphate and filtered. The solvent was removed in vacuo to 
give a brown solid. This was found to be mostly unreacted starting 
material and decomposition products by 111 NMR, IR and mass 
spectrometry. 
Attempts to synthesise the title compound (274) from the benzyl bromide 
(198) using different solvents, bases, phase transfer catalysts and 
temperatures all failed. 
2BROMO3(E-2-PHENYLETHENYL)BENZYL ALCOHOL (274) 
To a solution of 2bromo-3-(E-2-phenyletheny1)benzaldehYde (0.98 g, 3.41 
mmol) in 'super-dry ethanol' (15 cm 3) was added sodium borohydride (0.14 
g, 3.76 mmol) and THF (6 cm 3). The reaction was then stirred under 
nitrogen and was monitored by TLC (silica, 10 % ethyl acetate in hexane). 
After 22 h the reaction had gone to completion and the solvent was then 
removed in uacuo. DCM (40 cm3) and dilute aqueous hydrochloric acid 
(2.0 mol dm 3, 10 cm3) were then added and the aqueous and organic 
layers separated. The organic layer was then washed with water (2 x 10 
cm3), dried over magnesium sulphate, filtered and evaporated to dryness 
to give the title compound as a white solid. Dry flash chromatography 
(silica, 0-60% ethyl acetate in hexane) afforded the pure material (0.91 g, 
92%). mp 123-124 OC (chloroform) (Found: C, 62.9; H, 4.9. C15H13BrO 
requires C, 62.3; H, 4.5%); Vmax (Nujol)/cm 1 3383.7 (OH); 8H (250 MHz, d6-
DMSO) 4.58 (2 H, d, V 5.5 Hz, CH2), 5.52 (1 H, t, V 5.5 Hz, OH), 7.21 (1 
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H, d, SJ 16.5 Hz, olefinic), 7.20-7.72 (8 H, m aromatic), 7.65 (1 H, d, 3j 
16.5 Hz, olefinic); öc (63 MHz, d6-DMSO) 63.3 (OH2), 122.6 (quat.), 125.5 
(OH), 126.8 (2 x 011), 127.0 (OH), 127.1 (011), 127.5 (OH), 128.3 (OH), 
128.9 (2 x OH), 131.8 (OH), 136.6 (quat.), 136.7 (quat.), 142.1 (quat.); m/z 
(FAB) 291(M+1, 59%), 290(29), 289(M1, 46), 288(53), 287(20), 386(24), 
274(35), 273(32), 272(37), 271(33), 269(11), 267(14), 254(33), 252(47), 
241(19), 239(24), 209(41), 208(18), 207(36), 205(29), 195(62), 179(78), 
166(50); found: 289.0235. O15HI3 79BrO requires M+1 289.0228. 
DIMETHYL-SILYL ETHER (275) 
The title compound was prepared by the method of Corey 122,  A mixture 
of 2bromo-3-(E-2-phenylethenyl)benzYl alcohol (1.12 g, 3.88 mmol), tert-
butyldimethylsilyl chloride (0.70 g, 4.66 mmol) and imidazole (0.66 g, 
9.68 mmol) were stirred together in dry DMF (50 cm 3) under nitrogen. 
The reaction was monitored by TLC (silica, 10% ethyl acetate in hexane). 
After 20 h stirring at room temperature the reaction was heated to 40 00 
for 1 h and then the DMF was removed in uacuo. DCM (50 cm 3) and 
dilute aqueous hydrochloric acid (2 mol dm -3, 20 cm3) were then added 
and the aqueous and organic layers were separated. The organic layer 
was then washed with water (2 x 10 cm 3), dried over magnesium 
sulphate, filtered and evaporated to dryness. Wet flash chromatography 
(silica, 5-10% ethyl acetate in hexane) gave the product as a white solid 
(1.53 g, 98%). mp 77-79 00 (hexane) (Found: 0, 62.2; H, 7.0. O 21H27BrOSi 
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requires C, 62.5; H, 6.8%); Vmax (Nujol)/cm' 1253.5, 840.4 (SiMe2), 1116.0 
(SlO); SB (250 MHz, CDC13) 0.19 (6 H, s, 2 x Si-Me), 1.02 (9 H, s, t-butyl), 
4.81 (2 II, s, CH2), 7.04 (1 II, d, 3J 16.2 Hz, oleflmc), 7.14-7.60 (9 H, m, 1 
olefinic and 8 aromatic); Sc (63 MHz, CDC13) 0.9 (2 x SiMe), 25.8 (Q-Me3). 
25.8 (3 x C-H3), 65.0 (CH2), 122.5 (quat.), 125.1 (CH), 126.3 CH), 126.7 
(2 x CH), 127.1 (CH), 127.6 (CH), 127.8 (CH), 128.5 (quat.), 128.6 (2 x 
CH), 131.3 (CH), 137.0 (quat.), 141.0 (quat.); m/z (FAB) 405(W+1, 13%), 
4039M+1, 14%), 347(16), 345(29), 331(10), 325(30), 323(11), 301(11), 
299(19), 289(15), 273(25), 272(13), 271(24), 267(16), 265(15), 192(57); 
found: 403.1010. C21H27 79BrOSi requires M+1 403.1093. 
ATTEMPTED SYNTHESIS OF 2-(tert-BUTYLDIMETHYL 
SILIYLOXYMETHYL)-6-(E-2-PHENYLETHENYL) 
BENZALDEHYDE (278) 
To 2-dimethyl-tert—butylsilyl ether-6-(E-2-phenylethenyl)bromObenzefle 
(275) (0.42 g, 1.04 mmol), in THF (40 cm 3) at -78 °C under nitrogen, was 
added n-BuLi (2.50 moles dm-3  solution in hexanes, 0.46 cm 3, 1.15 mmol) 
dropwise. The solution was stirred at -78 °C for 1 h and then DMF (180 
mg, 2.50 mmol) was added. The reaction was left stirring at for 1 h and 
was then allowed to warm up to 0 OC. After stirring at 0 0(3 for 1 h the 
reaction was warmed to room temperature and stirred for a further 0.5 h. 
Diethyl ether (150 cm 3) and saturated aqueous ammonium chloride (50 
cm3) were then added and the aqueous and organic layers were 
separated. The aqueous layer was extracted with diethyl ether (2 x 20 
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cm3) and then the combined organic layers were washed with water (2 x 
15 cm3). The organic layer was then dried over magnesium sulphate, 
filtered and the solvent was removed in vacuo to give a yellow oil. Dry 
flash chromatography gave a clear oil which was found to be 3-(E-2-
phenylethenyl)benzyl-dimethyl-tert-butylsilyl ether (279) (0.34 g, 98%). 
m/z (FAB) Found: 325.2009, C21H28OSi requires MH-1 325.1988; oH (250 
MHz, CDC13) 0.45 (6 H, s, 2 x Si-Me), 1.06 (9 H, s, t-butyl), 4.78 (2 H, s, 
CH2), 6.78 (1 H, d, 3J  16.0 Hz, oleflnic), 7.14-7.56 (10 H, m, (1 olefinic and 
9 aromatic); 8c (63 MHz, CDC13) 1.6 (2 x Si-CH3), 18.9 (quat., t-butyl), 
27.6 (3 x CH3, t-butyl), 65.9 (CH2), 126.3 (2 x CH), 126.7 (CH), 127.4 (CH), 
127.8 (CH), 128.7 (2 x CH), 129.5 (CH), 129.8 (CH), 133.0 (CH), 134.4 
(quat.), 137.5 (quat.), 145.8 (quat.), 147.9 (quat.); m/z (FAB) 325(IVP+1, 
19%), 323(10), 309(22), 307(17), 291(18), 281(18), 279(24), 268(26), 
267(78), 265(64), 263(28), 252(55), 251(60), 250(47), 249(64), 237(29), 
235(77), 233(49), 221(35), 207(49), 205(47), 204(25), 203(31), 202(60), 
193(64), 191(50), 189(58). 
Via alcohol /protecting strategy 
2-(1-3-DIOXOLAN-2-YL)-6-(E-2-PHENYLETHENYL)BENZYL 
ALCOHOL (280) 
To a solution of 2-(1-3-dioxolan-2-yl)-6-(E-2-phenylethenyl)benzaldehyde 
(252) (0.95 g, 3.39 mmol) in 'super-dry' ethanol (40 cm 3) was added 
sodium borohydride (0.14 g, 3.73 mmol) in THF (20 cm 3). The reaction 
was then left stirring under nitrogen for 16 h. The solvent was then 
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removed in vacuo and DCM (100 cm 3) added. The organic layer was then 
washed with water (2 x 30 cm 3), dried over magnesium sulphate, filtered 
and evaporated to dryness to give the title compound as a white solid 
(0.94 g, 98%). mp 139-141 OC (dec.) (ethanol/hexane); (Found C, 76.3; H, 
6.4. C18H180 requires C, 76.6; H, 6.4%); Vmax (Nujol)/cm' 3444.0 (OH); oH 
(250 MHz, CDC13) 2.95 (1 H, br.t, OH), 4.03-4.18 (4 H, 2 x CH20), 4.82 (2 
H, d, c1 6.2 Hz, Cfl20H), 6.07 (1 H, s, CH02), 7.04 (1 H, d, 
3J  16.1 Hz, 
olefinic), 7.25-7.68 (9 H, m, 8 aromatic and 1 olefinic); 8c (63 MHz, CDC13) 
57.6 (CH20H), 64.9 (2 x CH20), 102.7 (d02), 125.6 (CH), 125.7 (CH), 
126.6 (2 x CH), 127.5 (CH), 127.6 (CH), 127.9 (CH), 128.5 (2 x CH), 132.1 
(CH), 136.0 (quat.), 136.3 (quat.), 137.1 (quat.), 138.4 (quat.); m/z (El) 
282(Mt 43%), 263(30), 262(100), 261(21), 237(25), 221(22), 220(19), 
219(24), 193(12), 192(18), 191(43), 189(16), 185(11), 184(18), 183(69), 
179(13), 178(26), 165(18), 152(11), 147(12); Found 282.1240. C18H1803 
requires M 282.1256. 
DITHIOLANE (281) 
To a solution of 2(13.dioxo1an 2 yl)-6-(E-2-phenylethenyl)benzYl alcohol 
(280) (0.97 g, 3.44 mmol) in dry DCM (50 cm 3) was added ethane-1,2- 
dithiol (0.49 g, 5.16 mmol) and 1 drop of boron trifluoride etherate. The 
mixture was stirred under nitrogen for 48 h and then aqueous sodium 
hydroxide solution (2.0 mol dm -3, 30 cm3) was added. The organic layer 
was separated and then washed with water (2 x 10 cm 3). After drying 
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with magnesium sulphate and then filtering, the solvent was removed in 
vacuo to leave the title compound as a pale yellow solid (1.05 g, 97%). mp 
95-96 °C (hexane/ethanol) (Found: C, 68.3; H, 5.4. C18H15OS2 requires C, 
68.7; H, 5.8%.); Vmax (Nujol)/cm' 3406.0 (OH); oH (250 MHz, CDC13) 2.49 
(1 H, br.s, OH), 3.29-3.56 (4 H, 2 x CH2S), 4.93 (2 H, s, CH20H), 6.09 (1 
H, s, CHS2), 6.98 (1 H, d, 3J 16.1 Hz, olefinic), 7.23-7.88 (8 H, m, 
aromatics), 7.57 (1 H, d, 3J 16.1 Hz, olefinic); 8c (63 MHz, CDC13) 39.9 (2 x 
CH2S), 53.0 (CHSO, 57.6 (CH20H), 125.9 (CH), 126.3 (CH), 126.5 (2 x 
CH), 127.6 (CH), 128.1 (CH), 128.3 (CH), 128.4 (2 x CH), 132.0 (CH), 
135.4 (quat.), 137.0 (quat.), 138.3 (quat.), 138.4 (quat.); rm/z (El) 314(M, 
4%), 270(10), 269(18), 268(100), 235(39), 221(11), 219(15), 202(10), 
191(18), 128(13), 119(19), 115(16), 91(20): found 314.0800. C15H18OS2 
requires W 314.0799. 
BENZALDEHYDE (265) 
Sodium acetate (0.28 g, 3.36 mmol) was added to compound (281) (0.48 g, 
1.53 mmol) in DCM (30 cm 3) and the solution was then cooled to 0 OC 
Pyridinium chlorochromate (0.40 g, 1.84 mmol) was then added in small 
portions over 10 min with stirring. The reaction mixture was left stirring 
at 0°C and was monitored by TLC (silica, 25% ethyl acetate in hexane). 
After 2 h all the starting material had been consumed and the solution 
was then poured into diethyl ether (200 cm 3) and stirred for 5 mm. The 
solution was filtered through a thick pad of celite and concentrated under 
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reduced pressure to give a yellow oil which decomposed on heating (0.26, 
54%). (m/z (El) Found: 312.0641. C18H180S2 requires W 312.0643); Vmax 
(Nujol)/cnr' 1683.9 (C0); SH (250 MHz, CDC13) 3.32-3.50 (4 II, m, 2 x 
CH2), 6.45 (1 H, s, CHS2), 6.87 (1 II, d, &T 16.1 Hz, olefinic), 7.11-7.96 (8 
H, m, aromatic), 7.54 (1 H, d, 3J 16.1 Hz, olefinic), 10.63 (1 H, s, CHO); Sc 
(63 MHz, CDC13) 39.7 (2 x CH2), 51.8 (CHS2), 124.9 (CH), 126.6 (2 x CH), 
127.6 (CH), 128.1 (CH), 128.2 (CH), 128.6 (2 x CH), 131.1 (quat.), 132.7 
(CH), 135.0 (CH), 136.4 (quat.), 141.3 (quat.), 142.3 (quat.), 193.2 (CHO): 
m/z (El) 312(M, 54%), 285(100), 252(22), 250(41), 236(29), 207(34), 
177(99). 
BENZALDEHYDE TOSYLHYDRAZONE (266) 
A solution of 2(13dithiolan-2-yl)-6-(E-2-phenylethenyl)benzaldehyde 
(265) (0.44 g, 1.41 mmol), para-toluenesulphonylhydrazide (0.26 g, 1.41 
mmol) in 'super-dry' ethanol (25 cm 3) was heated to 45 °C under nitrogen. 
A drop of concentrated hydrochloric acid was added and the mixture 
stirred at 45 °C. The reaction was monitored by PLC (silica, 20% ethyl 
acetate in hexane) and after 4 h all the starting material had been 
consumed. The solvent was removed in vacuo to leave the crude product 
as a yellow oil. After recrystallising from ethanol the product was 
obtained as a white solid (0.42 g, 62%). mp 139-140 °C (ethanol) (Found 
C, 62.5; H, 5.0; N, 5.8. C25H24N202S3 requires C, 62.6; II, 5.0; N, 5.7%); 
Vmax (Nujolicm') 1354.8, 1165.6 (SO2); SB (200 MHz, CDC13) 2.33, 2.35 (3 
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H, 2 x s, syn- and anti- Me), 3.15-3.44 (4 H, m, 2 x Cl2), 5.96 (1 H, s, 
CHS2), 6.77 (1 H, d, 3J 16.2 Hz, olefinic), 6.78-7.85 ( 13 H, m, 12 aromatic 
and 1 olefinic), 7.89 (1 H, s, CH=N), 8.20 (1 H, br.s, NH); 8c (63 MHz, 
CDC13) 21.4 (CHa), 40.1 (2 x CH2), 53.1 (CHS2), 123.9 (CH), 125.3 (CH), 
126.6 (CI), 126.7 (2 x CH), 127.8 (2 x CH), 128.1 (CH), 128.5 (2 x CH), 
129.4 (2 x CH), 130.2 (CH), 132.5 (CI), 135.0 (quat.), 135.2 (quat.), 
135.5(quat.), 136.3 (quat.), 139.5 (quat.), 143.9 (quat.), 144.5 (CH=N); 
m/z (FAB) 481(M+1, 100%), 480(22), 478(11), 421(14), 405(14), 389(22), 
388(25), 387(15), 328(14), 327(21), 325(26), 311(20), 310(25), 296(40), 
295(28), 267(34), 265(59), 237(60), 235(68), 233(80), 187(57), 179(70); 
Found 481.1074, C25H24N202S3 requires M+1 481.1079. 
THE SODIUM SALT OF 241-3-DITHIOLAN-2-YL)-64E-2-
PHENYLETHENYL)BENZALDEHYDE TOSYLHYDRAZONE (282) 
2(13dithiolan-2-yl)-6-(E-2-pheflyletheflYl)beflza1dehYde tosyihydrazone 
(266) (0.42 g, 0.88 mmol) was dissolved in 'super-dry' ethanol (30 cm 3) and 
sodium ethoxide (54 mg, 0.79 mmol) added. The solution was stirred 
under nitrogen for 2 h and then the solvent was removed in vacuo. The 
sodium salt was then further dried under high vacuum overnight to give 




To the dry sodium salt of 2-(1-3-dithiolan-2-yl)-6-(E-2-phenylethenyl) 
benzaldehyde tosylhydrazone (0.40 g, 0.79 mmol) was added DME and 
the solution was then heated to 55 OQ  with stirring and under nitrogen. 
The reaction was monitored by TLC (silica, 15% ethyl acetate in hexane) 
and after 4 h the reaction had gone to completion. The solvent was 
removed in vacuo and then ether (100 cm 3) and water (20 cm 3) were 
added. The organic layer was then dried over magnesium sulphate, 
filtered and evaporated to dryness to leave a brown oil. Dry flash 
chromatography (silica, 0-10% ethyl acetate in hexane) gave the title 
compound as a yellow oil which decomposed on attempted distillation. 
(m/z (FAB) Found: 325.0842. CT8H16N2S2 requires M+1 325.0833); SH 
(250 MHz, CDC13) 2.86 (1 H, d, 2J  9.7 Hz, Hax), 3.42-3.63 (4 H, m, 2 x 
CH2), 6.43 (1 H, s, CHS2), 6.92 (1 H, d, 2J 9.7 Hz, Heq), 7.00 (1 H, 5, 
CH=CN2), 7.24-7.55 (5 H, m, aromatic), 7.81-8.13 (3 H, m, aromatic); Sc 
(63 MHz, CDC13) 39.2 (2 x CH2S), 52.4 (CHS2), 63.8 (CH2N2), 114.1 
(QHCN2), 121.9 (quat.), 125.3 (2 x CH), 126.6 (CH), 127.5 (CH), 127.8 
(CH), 127.9 (2 x CH), 129.6 (CH), 133.9 (quat.), 135.8 (quat.), 136.0 
(quat.), 150.8 (quat., CN2); m/z (FAB) 325(IW+1, 100%), 312(18), 299(15), 
297(15), 294(18), 277(19), 268(20), 267(26), 265(51), 263(50), 262(51), 
PAN 
252(24), 250(75), 248(33), 237(98), 235(51), 222(51), 220(79), 202(45), 
178(58). 
9-(FORMYL)-4-PHENYL-1H-2,3-BENZODIAZEPINE (256) 
Calcium carbonate (0.05 g,0.50 mmol) was dissolved in water (1 cm 3) and 
then added to a solution of 9-(1-3-dithiolan-2-yl)-4-phenyl- 1H-2,3-
benzothazepine (257) (135 mg, 0.42 mmol) in THF (10 cm 3). This solution 
was stirred for 5 min and then mercury (II) perchlorate (0.18 g, 0.46 
mmol) in water (2 cm3) was added dropwise over 5 mm. The reaction was 
stirred for a further 5 min and was then poured into diethyl ether (100 
cm3). The solution was filtered through a pad of celite, dried over 
magnesium sulphate, filtered and evaporated to dryness. Dry flash 
chromatography (silica, 0-5% ethyl acetate in hexane) gave the title 
compound as a yellow oil (55 mg, 53%) which decomposed on attempted 
distillation. (rn/z (FAB) Found: 249.1050. C16H12N20 requires IW+1 
249.1028); oH (250 MHz, CDC13) 2.85 (1 H, d, 2J  9.7 Hz, Hax), 6.92 (1 H, d, 
2J 9.7 Hz, Heq), 6.99 (1 H, s, CH=N2), 7.25-8.12 (8 H, m, aromatics), 10.53 
(1 H, s, CHO); 8c (63 MHz, CDC13) 63.4 (CH2), 113.2 (CHN2), 123.3 
(quat.), 126.2 (2 x CH), 127.5 (CH), 128.4 (CH), 128.7 (2 x CH), 129.0 
(CH), 131.2 (CH), 132.6 (quat.), 134.8 (quat.), 151.7 (quat.), 152.8 (quat.), 
191.8 (CHO); rnlz (FAB) 249(M+1, 20%), 248(12), 221(36), 220(15), 
207(46), 205(29), 193(26), 191(27), 163(18), 159(18), 147(58), 141(20), 
135(28). 
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E. SYNTHESIS OF 9-METHYL-4-PHENYL-1H-2,3-
BENZODIAZEPINE (261)'AND SUBSEQUENT MODEL REACTIONS 
64VIETHYL2(E2PHENYLETHENYL)BENZALDEHYDE (258) 
To a solution of 2bromo-3-(E-2-phenyletheflYl)toluene (3.33 g, 12.20 
mmol) in THF (100 cm 3) at -78 °C under nitrogen, was added dropwise ii-
butyllithium (2.18 mel dm-3  solution in hexanes, 6.15 cm3, 13.42 mmol). 
The solution was maintained at -78 °C for 10 min and then DMF (2.67 g, 
36.59 mmol) was added. The reaction was left stirring at -78 °C for 1 h 
before it was slowly warmed to 0 OC and stirred for a further ih. The 
reaction was then allowed to warm to room temperature and after 
stirring for a further 1 h, saturated aqueous ammonium chloride solution 
(40 cm3) and ether (100 cm 3) were added. The organic layer was washed 
with water (30 cm 3) and dried over magnesium sulphate. After filtering 
the solvent was removed in vacuo to give a brown oil. Dry flash 
chromatography (silica, 0-5% ethyl acetate in hexane) gave the product as 
a yellow solid (1.61 g, 62%). mp 87-88 OC (ethyl acetate/hexane) (Found: 
C, 86.1; H, 6.5. C16H14O requires C, 86.5; H, 6.3%); Vmax (NujoJJcm') 
1692.0 (C=O); oH (250 MHz, CDC13) 2.64 (3 H, s, Me), 6.93 (1 H, d, 3J  16.1 
Hz, olefinic), 7.11-7.57 (8 H, m, aromatic), 7.79 (1 H, d, V 16.1 Hz, 
olefinic), 10.62 (1 H, s, CHO); Sc (63 MHz, CDC13) 20.4 (Me), 125.7 (CH), 
126.0 (CH), 126.7 (2 x CH), 128.0 (CH), 128.6 (2 x CH), 130.7 (CH), 131.6 
(quat.), 132.7 (CH), 133.7 (CH), 136.8 (quat.), 140.6 (quat.), 140.8 (quat), 
193.4(CHO); m/z (El) 222(100%), 221(34), 207(32), 194(37), 194(19), 
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193(16), 179(78), 178(61), 165(11), 145(19), 144(18), 115(20), 91(23); 
found: 222.1053. C12H140 requires W 222.1045. 
TOSYLHYDRAZONE (259) 
6Methyl2(E-2-phenylethenYl)beflZa1dehYde (258) (1.58 g, 7.12 mmol) 
was dissolved in 'super-dry' ethanol (10 cm 3) at 45 OC. p-Tosylhydrazide 
(1.32 g, 7.12 mmol) was also dissolved in 'super-dry' ethanol (10 cm 3) at 
45 OC and then the two solutions were mixed together and 1 drop of 
concentrated hydrochloric acid was then added. The mixture was then 
stirred at 45 °C in the dark. The reaction was monitored by TLC (silica, 
5% ethyl acetate in hexane) and after 4 h had gone to completion. The 
solvent was removed in vacuo and the product was then recrystaffised 
from ethanol to give a white solid (2.24 g, 81%). mp 154-156 °C 
(dec.)(ethanol) (Found: C, 71.0; H, 5.7; N, 7.2. C23H22N202S requires C, 
70.7; H, 5.7; N, 7.2%); Vmax (Nujollcm') 1377.0, 1166.5 (SO2); oH (250 
MHz, CDC13) 2.14, 2.31 (3 H, 2 x s, syn and anti, tosyl Me), 2.28 (3 H, s, 
Me), 7.03 (1 H, d, 3J  16.4 Hz, olefinic), 7.07-7.79 (13 H, m, 12 aromatic 
and 1 olefinic), 8.17 (1 H, s, CHN), 8.42 (1 H, s, NH); 0c (63 MHz, CDC13) 
19.1 (tosyl Me), 21.4 (Me), 124.1 (CH), 126.6 (CH), 126.7 (2 x CH), 127.5 
(2 x CH), 127.6 (quat.), 127.9 (CH), 128.0 (CH), 128.5 (2 x CH), 129.4 
(CH), 129.5 (2 x CH), 129.8 (CM), 131.9 (quat.), 135.0 (quat.), 136.4 
(quat.), 137.8 (quat.), 143.9 (quat.), 145.8 (CH); m/z (FAB) 391(IVP+1, 
100%), 390(13), 313(15), 239(21), 237(56), 236(16), 235(66), 233(18), 
219 
222(16), 221(17), 220(26), 218(11), 207(74), 206(38), 205(100), 191(13), 
159(17), 145(15), 115(17); found: 391.1484. C23H22N20S requires M+1 
391.1484. 
SODIUM SALT OF 6METHYL-2-(E-2-PHENYLETHENYL) 
BENZALDEHYDE TOSYLHYDRAZONE (260) 
To 6methyl-2-(E-2.phenylethenyl)benZaldehYde tosyihydrazone (220) 
(0.83 g, 2.13 mmol) in 'super-dry' ethanol (20 cm 3) was added sodium 
ethoxide (0.13 g, 1.92 mmol). The mixture was then stirred in the dark 
for 1 h under nitrogen. The ethanol was removed in vacuo and the 
sodium salt residue was then further dried under high vacuum, over 
phosphorus pentoxide overnight to give the dried product (0.79 g, 1.92 
mmol). 
9..METHYL-4-PHENYL-1H-2.3 BENZODIAZEPINE (261) 
Freshly distilled DME (40 cm3) was added to the dried sodium salt (260) 
(0.79 g, 1.92 mmol) and the mixture was heated at reflux under nitrogen 
while monitoring the reaction by TLC (silica, 10% ether in hexane). After 
2 h the reaction had gone to completion and was allowed to cool down to 
room temperature. The solvent was coevaporated with chloroform (2 x 10 
cm3) and then ether (50 cm 3) and water (15 cm 3) were added. The ether 
layer was dried over magnesium sulphate, filtered and the solvent was 
removed in vacuo to give a yellow oily solid. Wet flash chromatography 
(silica, 0-4% ethyl acetate in hexane) gave 9-methyl-4-phenyl-IH-2,3-
benzodiazepine (261) as a bright yellow solid (0.30 g, 67%). mp 107-108 
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OC (chloroform) (Found: C, 82.1; H, 6.3; N, 11.8. C16II14N2 requires C, 
82.0; H, 6.0; N, 11.8%); oH (250 MHz, CDC13) 2.74 (3 H, s, Me), 2.83 (1 H, 
d, 2J 9.3 Hz, Hax), 6.72 (1 II, d, 2J 9.4 Hz, Hea), 7.02 (1 H, s, CH=CN), 
7.27-7.54 (6 H, m, aromatic), 7.95-7.99 (2 H, m, aromatic); 8c (63 MHz, 
CDC13) 19.5 (Me), 65.2 (CHz), 115.2 (QH=CN), 123.7 (CH), 126.1(2 x CH), 
126.2 (CH), 127.2 (CH), 128.4 (CH), 128.6 (2 x CII), 132.3 (CH), 134.3 
(quat.), 135.3 (quat.), 136.9 (quat.), 151.4 (quat.); m/z (FAB) 235(M+1, 
100%), 234(12), 220(38), 217(16), 206(14), 202(12), 191(10), 132(18); 
found: 235.1236. C15H14N2 requires W+1 235.1235. 
STABILITY TO CONDITIONS REQUIRED FOR THE OXIDATION 
OF BENZYL ALCOHOL 
Sodium acetate (4.87 g, 59.44 mmol) was added to a mixture of 9-methyl-
4-phenyl-1H-2,3-benzodiazePifle (261) (2.78 g, 11.89 mmol) and benzyl 
alcohol (1.43 g, 13.21 mmol) in DCM (150 cm 3) and the mixture was then 
cooled down to 0 °C. Pyridinium chlorochromate (11.39 g, 52.84 mmol) 
was then added in small portions over 10 min with stirring. The reaction 
was then allowed to warm to room temperature over a period of 5 h after 
which time it was poured into diethyl ether (200 cm 3). The solution was 
then filtered through a thick pad of celite and concentrated in vacuo. The 
pyridine was removed by azeotroping with heptane to leave a dark oil. 
Dry flash chromatography (silica, 0-5% ethyl acetate in hexane) afforded 
benzaldehyde (1.02 g, 73%) and unreacted 9-methyl-4-phenyl- 1H-2,3-
benzocliazepine (2.59 g, 94%). 
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STABILITY TO WAI)SWORTH-EMMONS CONDITIONS 
REQUIRED FOR SYNTHESIS OF AUTHENTIC SAMPLES 
Sodium methoxide (0.22 g, 4.06 mmol) was added to a solution of diethyl 
benzylphosphonate (1.07 g,.4.70 namol) in DMF (30 cm 3) and the mixture 
was stirred, under nitrogen for 10 min before warming to 50 °Cand 
stirring for a further 5 mm. The reaction was allowed to cool to room 
temperature and then a solution of 9-methyl-4-phenyl-1H-2,3-
benzodiazepine (261) (1.00 g, 4.27 mmol) and benzaldehyde (0.45 g, 4.27 
mmol) in DMF (5 cm 3). The reaction was stirred for 4 h and then water 
(100 cm3) and DCM (100 cm 3) were added. The organic layer was dried 
over magnesium sulphate, filtered and evaporated to dryness. Dry flash 
chromatography gave a mixture of stilbene (0.49 g, 64%) and recovered 
(261) (0.29 g, 29%) 
STABILITY TO CONDITIONS REQUIRED TO DEPROTECT 1,3-
DITHIOLANIES 
Calcium carbonate (0.63 g, 6.30 mmol) was dissolved in water (4 cm 3) and 
then added to a solution of 9methyl-4-phenyl-1H-2,3-benZOdiaZePine 
(1.19 g, 5.12 mmol) and 2-phenyl-1,3-dithiolane (0.88 g, 5.12 mmol) in 
THF (15 cm 3). The solution was stirred for 5 minutes and then mercury 
(II) perchlorate (2.29 g, 5.63 mmol) in water (2 cm 3) was added dropwise 
with stirring over 5 minutes. The reaction was left stirring for a further 5 
minutes and then was poured into diethyl ether (85 cm 3) whereupon a 
white solid precipitated. The solid was filtered off and the clear filtrate 
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was washed with water (2 x 10 cm 3), dried over magnesium sulphate, 
filtered and evaporated to dryness under reduced pressure to give 
benzaldehyde (0.44 g, 81%) and unreacted 9-methyl-4-phenyl-1H-2,3-
benzodiazepine (1.07 g, 90%). 
F. ATTEMPTED CYCLISATION OF DIAZOALKANE GENERATED 
FROM TRANS-METHYL-3-(2-FORMYLPHENYLE 
TOSYLHYDRAZONE) PROPENOATE 
ATTEMPTED SYNTHESIS OF METHYL E-3-(2-FORMYLPHENYL) 
PROPENOATE (284) FROM O-BROMOBENZALDEHYDE 
The palladium catalyst was formed by stirring tri-o-tolylphosphine (9.2 
mg, 0.08% catalyst) and palladium (II) acetate (0.9 mg, 0.01% catalyst) in 
dry DMF (3 cm3) under nitrogen until homogeneous. 
O-Bromobenzaldehyde (7.00 g, 37.84 mmol), methyl acrylate (3.58 g, 
41.62 mmol) and sodium acetate (3.58 g, 37.84 mmol) were heated 
together in DMF (40 cm3) until they had reached 130 OC. The preformed 
catalyst was then injected into the mixture and the reaction was heated 
at reflux. The reaction was monitored by TLC (alumina, 10% ethyl 
acetate in hexane) and after 4 h it appeared to have gone to completion. 
The mixture was cooled down and then poured into saturated aqueous 
lithium chloride solution (200 cm 3). This solution was then extracted 
with diethyl ether (3 x 50 cm 3) and dried over magnesium sulphate. After 
filtering the solvent was removed,in vacuo to give the impure product as 
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a dark brown solid. Attempts to further purify the product by 
recrystallisation, chromatography, distillation, continuous extraction and 
sublimation all proved unsuccessful. 
2-(2-BROMOPHENYL)-L3-DIOXOLANE (286) 
O-Bromobenzaldehyde (2.00 g, 10.81 mmol), ethylene glycol (4.02 g, 64.86 
mmol)and p-toluenesulphonic acid (103 mg, 0.54 mmol) were heated at 
reflux in toluene (30 cm 3) in a Dean-Stark apparatus. The reaction was 
monitored by TLC (5% ethyl acetate in hexane) and after 7 hours had 
gone to completion. The reaction was allowed to cool to room 
temperature and then washed with aqueous sodium carbonate solution 
(20% w/v, 2 x 15 cm 3). The organic layer was dried over magnesium 
sulphate, filtered and the solvent removed in vacuo to give the title 
compound as a golden oil (2.19 g, 88%). bp 90 °C/0.1 mmHg, ht., 135  126-
127 °C/5mmHg; 8n (250 MHz, CDC13) 3.98-4.15 (4 H, m, 2 x CH2), 6.08 (1 
H, s, CH02), 7.16-7.60 (4 H, m, aromatics); öc (63 MHz, CDC13) 65.2 (2 x 
CH2), 102.3 (CH02), 122.6 (quat., CBr), 127.2 (CH), 127.6 (CH), 130.4 
(CH), 132.7 (CH), 136.3 (quat.); m./z (El) 230(M, 26%), 229(57), 228(M, 
27), 227(58), 186(12), 185(36), 184(12), 183(35), 149(34), 105(17), 89(42); 
found 227.9787, C9H9 79BrO2 requires W 227.9786. 
2-(1-3-.DIOXOLAN-2-YL)BENZALDEHYDE (287) 
To a solution of 2-(2-bromobenzene)-1,3-dioxolane (17.76 g, 77.55 mmol) 
in THF (130 cm3) at -78 °C was added n-butyllithium (2.20 mol din-3  in 
hexanes, 38.78 cm 3, 85.31 mmol). The reaction was stirred at -78 OC for 
224 
30 min and then DMF (14.17 g, 193.88 mmol) was added with stirring. 
The reaction was maintained at -78 OC for a further 30 min and was then 
warmed up to and stirred at 0 °C for 1 h. The solution was then allowed 
to warm up to room temperature and saturated aqueous ammonium 
chloride solution (50 cm 3) and ether (100 cm 3) were added. The layers 
were separated and the organic layer was dried over magnesium 
sulphate, filtered and evaporated to dryness under reduced pressure to 
give a golden oil. Distillation gave the product as a yellow oil (9.46 g, 
68%). bp 90 OC (oven temperature)/0.1 mmHg, lit., 79 81 °C/0.81mmHg; 
Vmax (film)/cm-1  1687.8 (C0); 8H (250 MHz, CDC13) 3.83-4.01 (4 H, m, 2 x 
CH2), 6.24 (1 H, s, CH02), 7.19-7.82 (4 H, m, aromatics), 10.28 (1 H, s, 
CHO); 8c (63 MHz, CDC13) 64.7 (2 x CH2), 100.5 (CH02), 126.4 (CH), 
128.9 (CH), 129.2 (CH), 133.0 (CH), 133.8 (quat.), 138.6 (quat.), 191.2 
(CHO); m/z (El) 178(M, 10%), 145(12), 134(32), 133(100), 122(22), 




To a solution of 2-(1.3-dioxolan-2-yl)benzaldehyde (287) (9.24 g, 51.91 
mmol) and methyl diethylphosphonoacetate (10.90 g, 51.91 mmol) in 
DMF (100 cm3) was added with stirring sodium methoxide (4.21 g, 77.87 
mmol). On addition of the sodium methoxide the clear solution turned a 
dark red and heat was evolved. The solution was stirred under nitrogen 
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for 14 h and then water (100 cm 3) and DCM (200 cm3) were added. The 
two layers were separated and then the organic layer was washed with 
water (2 x 50 cm 3). The aqueous layer was extracted with DOM (2 x 50 
cm3) and the combined organic fractions were dried over magnesium 
sulphate. After filtering the solvent was removed in vacuo to leave a 
brown oil. Kugelrohr distillation gave the product as a clear yellow oil 
(11.64 g, 96%). bp 65 00 (oven temperature)/0.05 mmHg; Vmax (film)/cm' 
1717.5 (C0), oH (250 MHz, CDC13) 3.71 (3 H, s, OMe), 3.92-4.10 (4 H, m, 
2 x OH2), 5.95 (1 H, s, 01102), 6.32 (1 H, d, V 15.9 Hz, olefinic), 7.25-7.57 
(4 H, m, aromatic), 8.12 (1 H, d, 3J  15.9 Hz); 8c (63 MHz, CDC13) 51.2 
(OMe), 64.9 (2 x OH2), 101.4 (CH02), 119.4 (OH), 126.4 (OH), 126.5 (OH), 
128.9 (CH), 129.3 (OH), 133.1 (quat.), 135.7 (quat.), 141.4 (OH), 166.7 
(quat., 0=0); m./z (El) 234 (Mt, 40%), 233(13), 203(12), 176(15), 175(100), 
161(60), 147(14), 146(14), 131(71), 130(13), 115(24), 103(27); found 
234.0870, C13H1404 requires W 234.0892. 
METHYL E3(2FORMYLPHENYL)PROPENOATE (284) 
Methyl 	 (288) (12.34 g, 52.88 
mmol) was dissolved in THF (200 cm3) and then hydrochloric acid (5% 
solution in water, 20 cm3) was added. The reaction was stirred for 48 h 
by which time it had gone to completion judging from TLC (alumina, 
5%ethyl acetate in hexane). Sodium carbonate solution (10% w/v) was 
added until the solution was alkaline and the organic layer was 
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separated. The organic solution was then dried over magnesium 
sulphate, filtered and evaporated to dryness under reduced pressure to 
give the title compound as a brown solid (6.43 g, 64% yield) which 
required no further purification. mp  42-44 °C (ethanol/hexane), lit., 136 
4344 OC, Vmax (Nujo1Jcm 1) 1694.2 (CO 3 CO), 1719.2 (CO 3 CO2Me); 6H 
(250 MHz, CDC13) 3.80 (OMe), 6.36 (1 H, d, 3J  15.9 Hz, olefinic), 7.24-7.87 
(4 H, m, aromatic), 8.51 (1 H, d, 3J  15.9 Hz, oleflnic), 10.26 (1 H, s, CHO); 
6c (63 MHz, CDC13) (51.3 (OMe), 121.9 (CH), 127.4 (CH), 129.5 (CH), 
132.1 (CH), 133.3 (quat.), 133.4 (CH), 135.7 (quat.), 140.8 (CH), 166.0 
(quat., ç02Me), 191.4 (CHO); m/z (El) Found 190.1976. C11H1003 
requires 1W 190. 1982 
METHYL E-342-FORMYLPHENYL TOSYLHYDRAZONE) 
PROPENOATE (285) 
Methyl E-3-(2-formylphenyl)propenoate (284) (6.43 g, 33.84 mmol), and 
para-tosylhydrazide (6.29 g, 33.84 mmol) were dissolved in 'super-dry' 
methanol and warmed to 40 0C under nitrogen with stirring. A drop of 
concentrated hydrochloric acid was then added and the solution was left 
stirring in the dark. The reaction was monitored by TLC (alumina, 10% 
ethyl acetate in hexane) and after 4 h had gone to completion. The 
solution was then left overnight in the refrigerator and crystallised as a 
white solid (6.74 g, 56%). mp 151-152 °C (methanol), (Found: C, 60.4; H, 
5.4; N, 7.8. C18H18N2SO4 requires C, 60.3; H, 5.1; N, 7.8%); Vmax (Nujo1Icm 
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') 1282.2, 1158.0 (SO2); oH (250 MHz, CDC13) 2.32 (3 H, s, tosyl Me), 3.76 
(3 H, s, OMe), 6.24 (1 H, d, V 15.8 Hz, oleflnic), 7.21- 7.86 (8 H, m, 
aromatic), 8.56 (1 H, d, 3J 15.8 Hz, olefinic), 8.19 (1 H, s, CHN), 9.95 (1 
H, br. s, NH); Oc (63 MHz, CDC13) 21.3 (tosyl Me), 51.6 (OMe), 120.7 (CH), 
127.6 (CH), 127.6 (2 x CH), 129.3 (CH), 129.7 (CH), 132.0 (quat.), 133.3 
(quat.), 135.5 (quat.), 141.5 (CH), 143.6 (quat.) ; 144.6 (CH), 166.9 (quat.); 
m/z (FAB) 359(M+1, 51%), 327(52), 307(18), 300(21), 299(100), 289(15), 
241(17), 203(20); found: 359.1066. C18H18N204 requires M+1 359.1066. 
SODIUM SALT OF METHYL E-3-(2-FORMYLPHENYL 
TOSYLHYDRAZONE) PROPENOATE(283 
Methyl E-3.(2-formylphenyl tosylhydrazone)propenoate (285) (1.88, 5.25 
mmol) was dissolved in 'super-dry' methanol (40 cm 3). Sodium metal (108 
mg, 4.73 mmol) was then dissolved in 'super-dry' methanol (10cm 3) and 
this was added to the first solution. The reaction mixture was then 
stirred under nitrogen in the dark for 2 h after which time the solvent 
was removed in uacuo, without heating above 35 OC. The sodium salt was 
then dried under high vacuum over phosphorus pentoxide overnight to 
give the dried sodium salt (1.80 g, assuming total conversion based on the 
sodium present). 
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THERMAL DECOMPOSITION OF THE SODIUM SALT DERIVED 
FROM METHYL E-342-FORMYLPHENYL TOSYLHYDRAZONE 
Freshly distilled DME (70 cm 3) was added to the sodium salt (283) (1.80 
g, 4.89 mmol) and the solution was heated to 55 °C while under nitrogen. 
The reaction was monitored by TLC (alumina, 5-10% ethyl acetate in 
hexane) and after 6 h all the starting material had been consumed. The 
mixture was poured into diethyl ether (100 cm 3) and the solution was 
then washed with water. Wet flash chromatography (grade III alumina, 
5-10% ethyl acetate in hexane) gave 4-methoxycarbonyl-1H-2,3-
benzodiazepine as a dark yellow oil (57 mg, 6%). bp decomposed on 
attempted distillation; m/z (FAB) Found: 203.0826. C11H10N202 requires 
M+1 203.0821; oH (200 MHz, ODd3) 2.95 (1 H, d, 2J  9.5 Hz, Hax), 4.02 (3 
H, s, Me), 6.56 (1 H, d, 2J  9.5 Hz, Heq), 6.97-7.94 (4 H, m, aromatic), 7.79 
(1 H, s, CH=CCO2Me); Oc (63 MHz, CDC13) 51.5 (OMe), 62.6 (CR2) 118.9 
(CH=N2), 126.7 (CH), 127.6 (CH), 129.4 (CH), 130.6 (OH), 136.8 (quat.), 
142.2 (quat.), 142.7 (quat., CCO2Me), 167.1 (quat., ç02Me); m/z (El) 
202(TvP, 54%), 174(24), 161(16), 159(13), 145(14), 143(14), 142(52), 








CELL 8.5024 	21.675 	8.741 	90 	115.759 90 
ci 1 	0.28354 	0.04526 	0.23726 	111.00000 0.06069 0.06444 = 
0.05133 	-0.00532 	0.02278 	0.00720 
AFIX 13 
Hi 2 	0.39734 	0.06144 	0.31731 	11.00000 -1.20000 
AFIX 0 
CiA 1 	0.29488 	0.02547 	0.07497 	11.00000 0.09719 0.08163 = 
0.06750 	-0.00640 	0.04297 	0.00719 
AFIX 33 
H1A1 2 	0.33253 	0.05976 	0.02967 	11.00000 -1.50000 
H1A2 2 0.18210 0.01192 -0.00693 11.00000 -1.50000 
H1A3 2 	0.37715 	-0.00771 	0.09997 	11.00000 -1.50000 
:kFIX 0 
3 	0.15083 	0.09546 	0.19399 	11.00000 0.07221 0.06457 = 
0.04752 	-0.00008 	0.02088 	0.00876 
N3 3 	0.16156 	0.13202 	0.30949 	11.00000 0.06863 0.06269 = 
0.04731 	-0.00021 	0.01972 	0.00863 
C4 1 	0.27926 	0.12495 	0.48348 	11.00000 0.05565 0.06169 = 
0.04479 	-0.00077 	0.01848 	0.00776 
C4A 1 	0.33459 	0.18744 	0.57026 	11.00000 0.06803 0.05555 = 
0.05112 	0.00029 	0.02609 	0.00584 
AFIX 13 
H4A 2 	0.22826 	0.21240 	0.53338 	11.00000 -1.20000 
AFIX 0 
C48 1 	0.45446 	0.22057 	0.50726 	11.00000 0.10585 0.07605 = 
0.06979 	-0.00343 	0.04718 	-0.01331 
AFIX 33 
H4B1 2 	0.39986 	0.22156 	0.38534 	11.00000 -1.50000 
H4B2 2 0.56356 0.19893 0.54647 11.00000 -1.50000 
H4B3 2 	0.47510 	0.26198 	0.55047 	11.00000 -1.50000 
AFIX 0 
Cs 1 	0.30231 	0.07063 	0.56446 	11.00000 0.05811 0.06372 = 
0.04537 	0.00127 	0.01651 	0.00664 
AFIX 43 
ff5 2 	0.36169 	0.07192 	0.68232 	11.00000 -1.20000 
AFIX 0 
CSA 1 	0.24533 	0.01021 	0.48942 	11.00000 0.05065 0.05807 = 
0.05129 	0.00242 	0.01642 	0.00740 
C6 1 	0.20315 	-0.03539 	0.57868 	11.00000 0.06482 0.06736 = 
0.06398 	0.00691 	0.02676 	0.00809 
AFIX 43 
H6 2 	0.22059 	-0.02762 	0.68957 	11.00000 -1.20000 
AFIX 0 
C7 1 	0.13672 	-0.09122 	0.50609 	11.00000 0.06297 0.06572 = 
0.09066 	0.00762 	0.03355 	0.00205 
AFIX 43 
H7 2 	0.10982 	-0.12113 	0.56726 	11.00000 -1.20000 
AFIX 0 
CS 1 	0.11003 	-0.10271 	0.34106 	11.00000 0.06356 0.06096 = 
PACYd 
0.09633 	-0.00886 	0.02823 	-0.00457 
AFIX 43 




1 	0.15415 	-0.05935 	0.25149 	11.00000 0.06397 0.06818 = 
0.06693 	-0.01165 	0.02186 	0.00386 
AFIX 43 
H9 2 	0.13557 	-0.06780 	0.14060 	11.00000 -1.20000 
AFIX 0 
C9A 1 	0.22652 	-0.00277 	0.32504 	11.00000 0.04786 
0.05913 = 
0.05541 	-0.00124 	0.01758 	0.00783 
AFIX 6 
C1P 1 	0.41220 	0.18394 	0.76314 	11.00000 0.06480 
0.04761 = 
0.05232 	-0.00410 	0.02686 	-0.00255 
C2P 1 	0.58274 	0.16324 	0.85789 	11.00000 0.06532 
0.07070 = 
0.06102 	-0.00706 	0.02666 	0.00747 
C3P 1 	0.64910 	0.15775 	1.03393 	11.00000 0.06967 
0.06708 = 
0.06194 	-0.00358 	0.01755 	0.00121 
C4P 1 	0.54490 	0.17296 	1.11523 	11.00000 0.09588 
0.06497 = 
0.05396 	-6.00236 	0.02936 	-0.00242 
C5P 1 	0.37433 	0.19365 	1.02050 	11.00000 0.09227 0.07974 = 
0.06468 	0.00277 	0.04586 	0.00520 
C6P 1 	0.30798 	0.19914 	0.84445 	11.00000 0.06796 0.06558 	= 
0.05990 	0.00259 	0.03186 	0.00466 
PUP 2 	0.66342 	0.15147 	0.79494 	11.00000 -1.20000 
H3P 2 0.78113 0.14174 1.10727 11.00000 -1.20000 
H4P 2 	0.59626 	0.16871 	1.25154 	11.00000 -1.20000 
H5P 2 0.29365 0.20542 1.08344 11.00000 -1.20000 




Crystal structure coordinates of diazepl from MB - corresponding to minimised Alchemy III 
structure MB2 
Atom x/a yib 	z/c 	lJ(1so) 0cc 
7 0(1) 0.214(2) 0.3145(3) 0.5698(6) 0.0186 1.0000 
cj  0.384(2) 0.2806(2) 0.6270(5) 0.0254 1.0000 
.c  0.395(2) 0.2454(2) 0.5830(5) 0.0215 1.0000 
 0.286(2) 0.2378(2) 0.4760(6) 0.0172 1.0000 
5  0.359(2) 0.2627(3) 0.3894(6) 0.0231 1.0000 
2 0(51) 0.488(2) 0.3049(2) 0.3938(6) 0.0181 1.0000 
3 0(6) 0.676(2) 0.3191(2) 0.3059(6) 0.0235 1.0000 
u. C(7) 0.803(2) 0.3585(3) 0.3107(7) 0.0318 1.0000 
5 0(8) 0.747(2) 0.3845(2) 0.3982(7) 0.0261 1.0000 
G 0(9) 0.558(2) 0.3725(2) 0.4860(6) 0.0200 1.0000 
0(91) 0.423(2) 0.3316(2) 0.4840(6) 0.0174 1.0000 
S 0(10) 0.487(2) 0.4016(3) 0.5761(6) 0.0258 1.0000 
0(11) 0.609(2) 0.4399(3) 0.5901(7) 0.0294 1.0000 
t- 0(12) 0.550(1) 0.4690(2) 0.6814(5) 0.0318 1.0000 
z 0(13) 0.374(1) 0.4581(2) 0.7729(5) 0.0256 1.0000 
j2- 0(14) 0.318(1) 0.4874(2) 0.8533(5) 0.0412 1.0000 
2- 0(1 5) 0.431(1) 0.5269(2) 0.8448(5) 0.0319 .1.0000 
2-4 0(16) 0.604(1) 0.5383(2) 0.7558(6) 0.0354 1.0000 
.5 0(17) 0.664(1) 0.5097(2) 0.6739(5) 0.0375 1.0000 
12. 0(18) 0.147(1) 0.1950(2) 0.4602(4) 0.0232 1.0000 
,.e 0(19) -0.035(1) 0.1871(2) 0.3677(4) 0.0268 1.0000 
:5 0(20) -0.160(1) 0.1472(2) 0.3498(5) 0.0305 1.0000 
/(. 0(21) -0.105(1) 0.1154(2) 0.4229(5) 0.0367 1.0000 
0(22) 0.076(1) 0.1232(2) 0.5149(5) 0.0337 1.0000 
S C(23) 0.201(l) 0.1629(2) 0.5339(4) 0.0285 1.0000 
Atom xla y/b z/c 	U(iso) 	0cc 
P1(11) 0.1580 0.3370 0.6229 0.0221 1.0000 
P1(12) 0.0179 0.3033 0.5356 0.0221 1.0000 
P1(51) 0.3199 0.2508 0.3150 0.0250 1.0000 
H(61) 0.7176 0.3007 0.2414 0.0250 1.0000 
1-4(71) 0.9399 0.3685 0.2493 0.0318 1.0000 
H(81) 0.8466 0.4127 0.3988 0.0269 1.0000 
P1(101) 0.3340 0.3918 0.6326 0.0262 1.0000 
H(111) 0.7544 0.4499 0.5317 0.0299 1.0000 
P1(131) 0.2889 0.4291 0.7802 0.0302 1.0000 
H(141) 0.1902 0.4792 0.9194 0.0424 1.0000 
P1(151) 0.3878 0.5479 0.9041 0.0380 1.0000 
P1(161) 0.6887 0.5675 0.7490 0.0409 1.0000 
P1(171) 0.7909 0.5180 0.6083 0.0400 1.0000 
P1(191) -0.0763 0.2099 0.3138 0.0281 1.0000 
P1(201) -0.2698 0.1420 0.2828 0.0301 1.0000 
P1(211) -0.1944 0.0870 0.4097 0.0370 1.0000 
P1(221) 0.1178 0.1003 0.5687 0.0353 1.0000 
1-4(231) 0.3314 0.1681 0.6006 0.0297 1.0000 
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43 ATOMS, 	46 BONDS, 0 CHARGES, C:\A3WINWRAG\MB1  
1 Car -1.6619 	3.0996 -0.6412 0.0000 0.0000 
2 car -2.0117 	1.3972 -0.2640 0.0000 0.0000 
3 car -3.2838 	1.8411 -0.6540 0.0000 0.0000 
4 Car -4.2036 	0.9558 -1.2271 0.0000 0.0000 
SCar -3.9155 -0.4113 -1.2723 0.0000 0.0000 
6 Car -2.6729 -0.8518 -0.8108 0.0000 0.0000 
7 C3 -0.1959 -0.2285 -0.8605 0.0000 0.0000 
8 02 -2.4492 -2.3100 -0.4709 0.0000 0.0000 
9 N2 0.3276 -0.2363 0.4695 0.0000 0.0000 
10 N2 0.9033 	0.8655 0.9792 0.0000 0.0000 
11 C2 0.1385 	2.0971 1.0399 0.0000 0.0000 
12 car 0.8461 	3.2069 1.8010 0.0000 0.0000 
13 C2 -1.0936 	2.3108 0.5297 0.0000 0.0000 
14 Car 1.8622 2.8432 2.6964 0.0000 0.0000 
15 Car 2.4390 	3.7795 3.5574 0.0000 0.0000 
16 Car 2.0026 	5.1050 3.5384 0.0000 0.0000 
17 Car 1.0590 	5.5008 2.5874 0.0000 0.0000 
18 Car 0.5457 	4.5719 1.6754 0.0000 0.0000 
19 C2 -1.7776 -2.6153 0.6486 0.0000 0.0000 
20 Car -1.4841 4.0092 1.1660 0.0000 0.0000 
21 Car -2.2264 -5.1338 0.7852 0.0000 0.0000 
22 Car -1.9413 -6.3872 1.3365 0.0000 0.0000 
23 Car -0.9125 -6.5283 2.2717 0.0000 0.0000 
24 Car -0.1536 -5.4147 2.6393 0.0000 0.0000 
25 Car -0.4343 -4.1653 2.0798 0.0000 0.0000 
26 N 0.1747 -3.3123 2.3640 0.0000 0.0000 
27 H 0.6530 -5.5193 3.3589 0.0000 0.0000 
28 H -0.7043 -7.4982 2.7128 0.0000 0.0000 
29 H -2.5232 -7.2545 1.0403 0.0000 0.0000 
30 H -3.0369 -5.0511 0.0707 0.0000 0.0000 
31 H -1.4100 -1.7988 1.2681 0.0000 0.0000 
32 N -0.0791 	4.9433 0.8726 0.0000 0.0000 
33 H 0.7278 	6.5340 2.5547 0.0000 0.0000 
34 N 2.3963 	5.8212 4.2524 0.0000 0.0000 
35 N 3.2250 	3.4765 4.2441 0.0000 0.0000 
36 H 2.2196 	1.8195 2.7463 0.0000 0.0000 
37 H -1.5572 	3.2774 0.7043 0.0000 0.0000 
38 N -2.8611 -3.0617 -1.1406 0.0000 0.0000 
39 N -0.0470 -1.2107 -1.3342 0.0000 0.0000 
40 H 0.2803 	0.5472 -1.4815 0.0000 0.0000 
41 N 4.6501 	-1.1184 -1.6452 0.0000 0.0000 
42 N -5.1432 	1.3262 -1.6233 0.0000 0.0000 
43 H -3.5701 	2.8796 -0.5187 0.0000 0.0000 
1 	1 	2 AROMATIC 
2 2 3 AROMATIC 
3 	3 	4 AROMATIC 
4 4 5 AROMATIC 
5 	5 	6 AROMATIC 
6 6 1 AROMATIC 
7 1 	7 SINGLE 
8 6 8 SINGLE 
9 7 	9 SINGLE 
10 9 10 DOUBLE 
11 10 	11 SINGLE 
12 11 12 SINGLE 
13 11 	13 DOUBLE 
14 13 2 SINGLE 
15 12 	14 AROMATIC 
16 14 15 AROMATIC 
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17 15 16 AROMATIC 
18 16 17 AROMATIC 
19 17 18 AROMATIC 
20 18 12 AROMATIC 
21 8 19 DOUBLE 
22 19 20 SINGLE 
23 20 21 AROMATIC 
24 21 22 AROMATIC 
25 22 23 AROMATIC 
26 23 24 AROMATIC 
27 24 25 AROMATIC 
28 25 20 AROMATIC 
29 25 26 SINGLE 
30 24 27 SINGLE 
31 23 28 SINGLE 
32 22 29 SINGLE 
33 21 30 SINGLE 
34 19 31 SINGLE 
35 18 32 SINGLE 
36 17 33 SINGLE 
37 16 34 SINGLE 
38 15 35 SINGLE 
39 14 36 SINGLE 
40 13 37 SINGLE 
41 8 38 SINGLE 
42 7 39 SINGLE 
43 7 40 SINGLE 
44 5 41 SINGLE 
45 4 42 SINGLE 
46 43 SINGLE 
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Atom xia y/b 	z/c 	U(iso) Ccc 
C(1) 0.21442) 0.3145(3) 0.5698(6) 0.0186 1.0000 
 0.38442) 0.2806(2) 0.6270(5) 0.0254 1.0000 
 0.395(2) 0.2454(2) 0.5830(5) 0.0215 1.0000 
 0.286(2) 0.2378(2) 0.4760(6) 0.0172 1.0000 
 0.359(2) 0.2627(3) 0.3894(6) 0.0231 1.0000 
C(51) 0.488(2) 0.3049(2) 0.3938(6) 0.0181 1.0000 
 0.676(2) 0.3191(2) 0.3059(6) 0.0235 1.0000 
 0.803(2) 0.3585(3) 0.3107(7) 0.0318 1.0000 
 0.747(2) 0.3845(2) 0.3982(7) 0.0261 1.0000 
 0.558(2) 0.3725(2) 0.4860(6) 0.0200 1.0000 
C(91) 0.423(2) 0.3316(2) 0.4840(6) 0.0174 1.0000 
 0.487(2) 0.4016(3) 0.5761(6) 0.0258 1.0000 
 0.609(2) 0.4399(3) 0.5901(7) 0.0294 1.0000 
 0.550(1) 0.4690(2) 0.6814(5) 0.0318 1.0000 
 0.374(1) 0.4581(2) 0.7729(5) 0.0256 1.0000 
 0.318(1) 0.4874(2) 0.8533(5) 0.0412 1.0000 
 0.431(1) 0.5269(2) 0.8448(5) 0.0319 1.0000 
 0.604(1) 0.5383(2) 0.7558(6) 0.0354 1.0000 
 0.664(1) 0.5097(2) 0.6739(5) 0.0375 1.0000 
 0.147(1) 0.1950(2) 0.4802(4) 0.0232 1.0000 
 -0.035(1) 0.1871(2) 0.3877(4) 0.0268 1.0000 
 -0.160(1) 0.1472(2) 0.3498(5) 0.0305 1.0000 
 -0.105(1) 0.1154(2) 0.4229(5) 0.0367 1.0000 
 0.076(1) 0.1232(2) 0.5149(5) 0.0337 1.0000 
 0.201 (1) 0.1629(2) 0.5339(4) 0.0285 1.0000 
Atom xla ylb z/c 	U(iso) 	Ccc 
11(1 1) 0.158C 0.3370 0.6229 0.0221 1.0000 
P1(12) 0.0179 0.3033 0.5356 0.0221 1.0000 
P1(51) 0.3199 0.2508 0.3150 0.0250 1.0000 
1-4(61) 0.1173 0.3007 0.2414 0.0250 1.0000 
1-4(71) 0.9399 0.3685 0.2493 0.0318 1.0000 
1-4(81) 0.8466 0.4127 0.3988 0.0269 1.0000 
1-4(101) 0334.3 0.3918 0.6326 0.0262 1.0000 
H(1 11) 0.754-s 0.4499 0.5317 0.0299 1.0000 
H(131) 0.28S9 0.4291 0.7802 0.0302 1.0000 
1-4(141) 0.19C2 0.4792 0.9194 0.0424 1.0000 
H(151) 0.38Th 0.5479 0.9041 0.0380 1.0000 
H(161) 0.6887 0.5675 0.7490 0.0409 1.0000 
1-4(171) 0.790 0.5180 0.6083 0.0400 1.0000 
1-1(191) .007% 0.2099 0.3138 0.0281 1.0000 
1-1(201) ..025C.3 0.1420 0.2828 0.0301 1.0000 
H(211) -0.1944 0.0870 0.4097 0.0370 1.0000 
1-1(221) 0115 0.1003 0.5687 0.0353 1.0000 
H(231) 0.32 - A 0.1681 0.6006 0.0297 1.0000 
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C(1) -N(2) 1.48(1) 
0(1) -0(91) 1.48(1) 
N(2) -N(S) 1.253(9) 
N(S) -0(4) 1.409(9) 
0(4) -0(5) 1.36(1) 
-0(18) 1.51(1) 
- 0(51) 1.46(1) 
0(51) - 0(6) 1.41(1) 
0(51) - 0(91) 1.42(1) 
0(6) - 0(7) 1.38(1) 
0(7) -0(8) 1.38(1) 
0(8) -0(9) 1.40(1) 
0(9) - 0(91) 1.43(1) 
0(9) -0(10) 1.47(1) 
0(1 0) - 0(1 1) 1.34(1) 
0(1 1) - 0(1 2) 1.48(1) 
c(12)-c(13) 1.391m 
C(12)-C(17) 1.394m 
0(13) - 0(14) 1.380(7) 
c(14)-C(15) 1.361(7) 
0(1 5) - 0(1 6) 1.363(7) 
0(16) - 0(17) 1.383(7) 
0(1 8) - 0(i 9) 1.393(7) 
0(1 8) - 0(23) 1.388(7) 
0(19) - 0(20) 1.402(7) 
0(20) - 0(21) 1.376(7) 
0(21) - 0(22) 1.385(7) 
0(22) - 0(23) 1.400(7) 
238 
N(2) - CO) - C(91) 108.2(6) 
0(1) -N(2) -N(S) 118.5(6) 
N(2) - N(3) - C(4) 122.8(6) 
N(S) - C(4) - C(5) 123.0(7) 
N(S) -C(4) -C(18) 113.8(7) 
C(S) -C(4) -C(18) 121.6(6) 
0(4) - C(5) - 0(51) 126.9(7) 
C(S) - 0(51) - C(6) 118.9(7) 
C(S) - 0(51) - 0(91) 120.7(7) 
C(6) - C(51) - 0(91) 120.4(7) 
C(51) 	C(6) -C(7) 119.2(7) 
- cm - C(8) 121 .3(8) 
-0(8) -C(9) 122.1(8) 
C(S) -0(9) -0(91) 118.0(7) 
C(S) - C(9) - C(10) 121.3(7) 
C(91) - C(q) - C(10) 120.7(7) 
0(1) -C(91)-C(51) 116.5(7) 
0(1) - C(91) - 0(9) 124.5(7) 
0(51) - 0(91) - 0(9) 119.0(7) 
0(9) _C(10)-C(11) 126.5(8) 
0(1 0) - 0(1 1) - 0(1 2) 127.5(8) 
0(1 1) - 0(1 2) - 0(13) 122.7(6) 
0(1 1) - C(12) - 0(17) 118.9(6) 
0(13) - 0(12) - 0(17) 118.3(5) 
0(1 2) - 0(1 3) - 0(1 4) 119.8(5) 
0(13)- 0(1 4) - 0(1 5) 121.1(5) 
0(14) - C(15) - 0(16) 120.1(5) 
0(1 5) - 0(1 6) - 0(1 7) 120.0(5) 
C(12) - C(17) - 0(16) 120.6(5) 
C(4) -C(18)-C(19) 119.1(5) 
0(4) - C(18) - 0(23) 122.0(5) 
C(19) - 0(1 8) - 0(23) 118.8(5) 
- C(19) - C(20) 120.3(5) 
- 0(20) - C(21) 120.7(5) 
- C(21) - C(22) 119.1(5) 
0(21) - 0(22) - 0(23) 120.7(5) 
0(1 8) - 0(23) - 0(22) 120.3(5) 
#USE LAST 
H ff0! ff01 PHI H /F0I IFCI PHI H /F0/ IFCI PHI 
K= 0 L= 0 f 0 127 120160 	3 116 85160 
1 343 362 0 
1 1326 1275 180 2 163 165 0 	K- 21 L 0 
4 150 147180 	3 108 99180 
4 280 210 0 394 9180 
~ K= 1 L= o 
K
= 
11 L= O 	K=22 L= 0 
1 583 573180 
2 429 424 0 2 155 165180 3131 79 0 
3 104 114180 
4 99 69 0 	K=12 L= 0 	K= 23 L= O* 
K= 2 L= 0 	0 308 288180 3 97100 0 








C(14) CUT C(7) 
C(9) 
(10) 





Mr = 234.29 
Moncclinic 
22 tIC 
a = 8.301(3) A 
b = :2.426(5) A 
c = 23.715(10) A 
13  = 90.36(3) 
V = 2 446 (2) k 
z=8 
= 1.272 Mg 	(Caic.) 
Data collection 
Stoe Stadi-4 diffractorneter 
-29 scans 
5121 measured reflections 
4293 independent reflections 
2943 observed reflections 
(I > 2a(I) 
= 0.0380  
Mo K. radiation 
A. = 0.71073 A 
Cell parameters from 28 
reflections 
30 S 29 5 32 
= 0.076 nun 
P = 150(2) K 
Wedge 
1.50 x 0.82 x 0.74 mm 
Yellow 
= 24.98° 
h = -9 -* 9 
Ic = -12 -4 1* 
1 = 0 -+ 28 
3 standard reflections 
frequency: 120 mm 
intensity variation: <1 % 
Refinement 
Refinement on r 
R(r> 2o(r)] = 0.0891 
wR(r) = 0.2841 




w = 1I(0(W)+(0.18842) +1.18P1 
where P = (Fo'+F')/3 
= 0.149 
= 0.720 e A-3 
= -0.189 e 
Atomic scattering factors 
from International Tables 
for Crystallography (1992, 
Vol. C, Tables 4.2.6.8 and 
6.1.1.4) 
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Table 2 - Fractional atomic coordinates ( x 10 4 ) and equivalent 
isotropic displacement parameters (x 101 ( A ). 
U.q (1/3) LI,Ut,aa.'aa, 
X y I (J(eq) 
4219 (3) :11) 
 
8749(2) 1762(1) 23(1) 
 5285(3) 3225(2) 2187(1) 25(1) 
 5465 (3) 9692(2) 2654(1) 23(1) 
C(4) 4845(3) 9129(2) 2769(1) 19(1) 
C(S) 5064(3) 10513(2) 2419(1) 21(1) 
CISA) 5562(3) 10523(2) 1829(1) 20(1) 
 6413(4) 11390(3) 1595(1) 28(1) 
 6907(4) 11341(3) 1038(1) 32(1) 
 6558(4) 10434(3) 713(1) 29(1) 
 5108(3) 9563(2) 931(1) 22(1) 
C(9A) 5187(3) 9625(2) 1495(1) 19(1) 
 5392(4) 8593(3) 573(1) 31(1) 
 4299(4) 9857(2) 3364(1) 21(1) 
 3246(3) 10681(2) 3501(1) 23(1) 
 2699(4) 10801(3) 4053(1) 28(1) 
 3201(4) 10087(3) 4465(1) 29(1) 
 4245(4) 9260(3) 4331(1) 29(1) 
 4794(4) 9135(2) 3781(1) 23(1) 
CU) -784(3) 8798(2) 1725(1) 22(1) 
 257(3) 9363(2) 2141(1) 23(1) 
 462(3) 8922(2) 2611(1) 22(1) 
C(4) -109(3) 7874(2) 2740(1) 19 (1) 
C(5 1 133 (3) 7017(2) 2399(1) 19 (1) 
C(SAI 617(3) 7053(2) 1807(1) 19 (1) 
C(6 	) 1482(4) 6185(2) 1581(1) 25(1) 
Z(7 	) 1975(4) 6219(3) 1025(1) 28(1) 
C(8' ) 1595 (3) 7102(3) 687(1) 24(1) 
(9 	) 739 (3) 7970(2) 897(1) 20(1) 
C(9A) 216(3) 7930(2) 1460(1) 19(1) 
396 (4) 8927(3) 529(1) 29 (1) 
Z(11 	) -614(3) 7765(2) 3340(1) 19(1) 
C(12) -1684(4) 6948(2) 3491(1) 24(1) 
Z(13) -2199(4) 6862(3) 4047(1) 30(1) 
C(14) -1680(4) 7585(3) 4449(1) 29(1) 
-627(4) 8405(3) 4303(1) 28(1) 
-106(4) 8495(2) 3746(1) 24  (1) 
242 
Taole 3 Selected thcnd lengths ( A 	and angles 	I 	- 
CflJ-N12} 2.487(4) 







N( 	) -N(3 1.254(3) 
1.419(4) 
C4' )-C(S) 1.353(4) 
C(4' )c(21) 1.492(4) 
ISA) 1.463(4) 
C9')-C13) 1.301(4) 
N(2) -C(1)-C(9A) 106.7(2) 
tJ(3)-N(2)-C(1) 117.3(2) 
M(2)-N(3)-C(4) 123 .2(3) 




































Data / restraints / parameters 
Goodness-of-fit on P2 
Fna1 R indices [i>2sia(i)j 
R indices (all data) 
Largest diff. peak and hole  
imdiaz 






a 8.301(3) A 	alpha = 90 deg. 
b = 12.426(5) A beta = 90.36(3) deg. 






1.50 x 0.82 x 0.74 mm 
2.95 to 24.98 deg. 
-9<=h<=9, -12c=kc=14, 0<=1<=28 
5121 
4293 [R(int) = 0.03801 
Full-.wtrix least-squars in P2 
4275 / 0 / 326 
1.028 
RI = 0.0891, wRZ = 0.2325 
= 0.1377. '2 = 0.2241 
0.720 and -0.555 2.K-3 
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( x 104) and equivalent isotropic 
x 13) for 1. IJ(eq) is defined 
the orthogonalized UiJ tensor. 
Table 3. Atomic coordinates 
displacement parameters (K2 
as one third of the trace of 
y 













































































































































C(5')-C(4')-l4(3') 12' 9(3) 
C(5')-C(4')-C(11') 122.8(3) 
.1(3')-C(4')-C(11"1 112.6(2) 
C(4')-C(S')-C(5A') 41 25.2(3) 
C(9A')-C(!A')-C{5') 121.4(2) 
C(SA')-C(9A 1 )-C(1') 116.3(2) 





Table 10. 	Bond lengths [A] and angles (deg] for 1. 
C(1)-t4 2) 






C ( SA) - 




























M(2)-C(1)-C(9A) 	 106.7(2) 
N(3)-N(2)-C(1) 117.5(2) 
N(2)-N(3)-C(4) 	 123.2(3) 
C(5)-C(4)-N(3) 122.6(3) 
C(5)-C(4)-C(11) 	 122.8(3) 
N(3)-C(4)-C(U) 113.1(2) 




C(7)-C(6)-C(5A) 	 119.7(3) 
C(6)-C(7)-C(8) 120.0(3) 
C(9)-C(8)-C(7) 	 121.8(3) 
C(8)-C(9)-C(9A) 117.9(3) 












c8 1 )-c(9' )-c(9A') 
C(8')-C(9' )-C(10') 
C(9A')-C(9')-C(10') 
C(SA' )-C(9A' )-C(9') 
C(5A')-C(9A')-C(1') 
C(9')-C(9A' )-C(1') 
C(16' )-C(11' )-C(12') 








































Symmetry transformations used to generate equivalent atoms: 
4; 
Table 11. 	AnisotropiC displacement parameters (A2 x 103) for 1. 
The anisotropic displacement factor exponent takes the fora: 




















































































































































Table 12. 	Hydrogen coordinates ( x 104) and isotropic 
displacement parameters (1(2 x 103) for 1. 
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